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In this research we have developed a solution method to 
treat the potential mechanisms causing the Palmdale uplift. 
In this report I outline the progress, consider defects in 
the approach of other investigators, and emphasize the 
necessary features to explain the Southern California 
uplift. The problem is not resolved as yet; however, the 
work does offer some constraints.

Previous models of the Southern California uulift 
suffer from inappropriate assumptions and numerical errors. 
Using the post-seisric deformations for the 1946 Nankaido 
earthquake, we indicate the origin of these difficulties and 
develop the requirements for a model in Southern California, 
First, the viscoelastic half-space used by Thatcher and Run-- 
dle(19?9) for the asthenosphere gives unsatisfactory models. 
In addition, numerical instabilities invalidate their solu­ 
tion using an elastic bulk modulus. A constant lambda and 
viscoelastic bulk modulus are also inappropriate for the 
asthenosphere. Finally, lateral heterogeneities strongly 
effect the deformations and invalidate any sirrple analytical 
models if compared to detailed geodetic data.

Using an improved geodetic data set, the 1946 Nankaido 
earthquake does provide constraints for the viscosity struc­ 
ture of the asthenosphere.

(1) A 30 to 40 km thick elastic lithosphere.

(2) A thin, 20 km thick low-viscosity channel with an 
effective viscosity of 10**21 poise.

'3) A higher viscosity mesosphere with an approximate 
viscosity of 10**21 poise or greater.

(4) A zone or layer of low effective viscosity within the 
asthenosphere adjacent to the subducting slab. Within
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the zone the viscosity is less than 2.il0**19 poise.

These results offer important constraints for models of 
Southern California. They suggest that "both Kosloff's( 1977) 
and Bundle's-' 1979) solutions for the southern California 
uplift are incorrect: The first ignores relaxation in the 
asthenosphere and assumes an elastic problem, while the 
second model contains numerical instabilities and 
incorrectly assumes a half-space with a viscoelastic bulk 
modulus. These assumptions will strongly effect the result­ 
ing deformations.

Our proposals and reports (Smith, 1977, 1978, 1979) 
suggest a combination of the following mechanisms generating 
the unusual pattern of vertical and horizontal movements in 
Southern California:

(1) Complex fault geometry represented by the Sar Andreas 
fault and branch faults,

(2) Stress relaxation in the asthenosphere originating from 
a low-viscosity channel and lateral heterogeneities.

(3) Coupling of aseismic slip between faults and fault seg­ 
ments .

Kosloff (1977) has treated the first of these for the 
elastic case, while the final mecharism adopts greater 
importance in light of Mavko and Stuart's(1979) solution for 
coupling of aseisric creep between the San Andreas and 
Calaveras faults. The time scale of the vertical and hor­ 
izontal deformations, however, require including the second 
process, stress relaxation in the asthenosphere.

To allow solution of a general problem, the finite ele­ 
ment method was chospn as the solution method. A three- 
dirensional code has been developed to include the following 
conditions:

(1) General, linear viscoelastic media.

(2) Nonlinear constitutive relation along the fault.

(3) Complex fault configurations including intersecting 
thrust and strike-slip faults.

(4) Lateral heterogeneities within the crust and astheno­ 
sphere.

 PO differentiate the effect of mantle relaxation from 
fault creep and to demonstrate the utility of the computer 
code for three dimensional problems, we solve a simple model 
of a strike slip fault within a layered media. In our
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computations asthenospheric stress relaxation cannot account 
for the deformations occurring in southern California? com­ 
plex fault geometries *nd fault creep are also necessary. 
Relaxation, however, will perturb the deformations by at 
least 5 centimeters.

To allow direct comparison to observed geodetic data, 
we are now constructing a model of southern California which 
includes aseismic fault creep or instabilites, complex fault 
geometries, and stress relaxation. Using the approach of 
Mavko and Stuart(1979), the solutions will place constraints 
on the contribution of each factor.
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1- O1JODUCTION

The origin of the Palradale uplift remains a perplexing 

ani unresolved problem. The research in this grant provides 

techniques to resolve the guestion and to suggest alterna­ 

tive theories for the origin. In this report I will outline 

th2 progress, present the solution methods and programs, and 

give suggestions for future work. The problem is not 

resolved as yet; however, the work does offer some con­ 

straints. Development of solution methods proved to be more 

formidable than anticipated.

The Southern California uplift, if we assume its 

existence, has been attributed to two mechanisms: The first 

proposal viewed the uplift as the interaction of complex 

fault geometries (Kosloff, 1977). Using an elastic model, 

ths region was modelled as a plate with vertical deformation 

constrained to zero at its base. The faults were modelled 

an weak elements within the plate. When the edges are dis­ 

placed to simulate the motion of the North American and 

Pacific Plates, these weak zones were allowed to creep. The 

results suggest the importance of complex fault geometries, 

specifically, the bend in the San Andreas fault and related 

branch faults.

This simple finite element model suffers, however, from 

a number of major assumptions. The srust is locked at its 

base; an unrealistic assumption in light of the low viscos-
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ity of the asthenosphere (see later sections). The effects 

of thrust faults in the Transverse ranges is ignored. 

Finally, creep processes assumed along the- fault are simpli­ 

fied. The first assumption will have significant effects on 

the vertical deformations,

A recent model by Rundlo{1979) considers the deforma­ 

tion as a conseguence of a very low angle thrust fault. 

Again the model suffers from a number of significant 

defects: Numerical instabilities have been discovered in his 

solution method for an elastic layer over a viscoelastic 

half-space. For a low angle thrust these instabilities will 

I e particularly severe. In addition, a viscoelastic half 

space underlying the elastic crust is a poor approximation; 

demonstrate this in d later section,

Although each of these solutions have specific defects, 

eacrh mechanism may be significant for the final deformations 

in Southern California (Smith, 1977, 1978, 1979) . As we 

have emphasized in our original proposals, the most probable 

mechanism generating the uplift is a combination of the fol­ 

lowing processes:

<1) Complex fault geometry represented by the San Andreas 

fault and branch faults,

(2) Stress relaxation in the asthenosphere originating from 

a low-viscosity channel.
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(3) Coupling of aseismic slip between faults and fault seg­ 

ments.

The final mechanism adopts greater importance in light 

of Mavko and Stuart's (1979) solutions for coupling of ase­ 

ismic creep between the San Andreas and Calaveras faults.

Assuming these rather complex interactions, our objec­ 

tive is to resolve their significance and develop a solution 

methoi which incorporates them. One very useful approach 

would be similar to Mavko and Stuart's (1979) for aseismic 

creep, tut extend the solution to an elastic half-space in 

Southern California. The time scales in Southern California 

ara, however, longer than Northern California which may 

invalidate the half-space assumption. Instead, a viscoelas- 

tic asthenosphere may be required to model the large scale 

deformations, This necessity will be shown in a later sec­ 

tion. A series of faults within a plate overlying a viscoe- 

lastic half-space would be a better assumption. Two 

approaches are now obvious: One uses Rundle(1978) solution 

for a strike-slip fault within an elastic layer overlying a 

viscoelastic half-space; the other utilizes a finite eleaent 

model,

To allow solution of a general problem, the finite ele­ 

ment method was chosen for the time dependent problems. Our 

code will allow the following problems:
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(1) General viscoelastic media for the model. The simplest 

properties, however, will be chosen for medium; an 

elastic lithosphere and a Maxwellian response for the 

shear modulus within the asthenosphere,

(2) Nonlinear constitutive relation along the fault. 

Laboratory evidences indicates that the response of a 

fault zone to stress may be very complex. The depen­ 

dence probably involves the strain history and the con­ 

fining pressure as important parameters. The finite 

element model will incorporate a general relation along 

the fault through convolutions of the step function 

response for each segment of the fault interface. This 

requires modelling the fault as an internal boundary.

(3) Complex fault configurations. As an example, the 

Southern California region involves a complex group of 

intersecting thrust and strike slip faults. This 

requires careful treatment of boundary conditions at 

the intersection of branch faults with the San Andreas 

system,

(4) Lateral heterogeneities within the crust. The complex 

geology in Southern California as reflected in the 

topography may be a significant element influencing the 

strain fields.

Our ability to incorporate each of these factors in the 

computation is an advantage; however, three dimensional
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finite element models are notoriously complex and require 

extensive computer facilities. Consequently, there are 

advantages in the approach taken by Rundle, ttavko, and 

Stuart with analytical-numerical models. The finite ele­ 

ment models cannot replace these, particularly for simple 

models of strike slip faults in an elastic layered media. 

For viscoelastic media and for complex geometries with 

lateral heterogeneities, the finite element method is the 

only suitable approach.

In the following sections I will outline the computer 

code for the finite element method and demonstrate its 

applicability to a problem of thrust faults. The solutions 

for surface deformations associated with the 1946 Nankaido 

earthquake will constrain the viscosity of the astheno- 

sphere. This work is an extension of an earlier interpreta­ 

tion using additional data and models (Smith, 1974a,b t 

1976). These results are then applied to a simple strike 

slip fault to indicate the contribution of stress relaxation 

to horizontal and vertical surface deformations.
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2. VISCOSITY OF THE ASTHENOSPHEBE

Large shallow earthquakes at island arcs such as Japan 

and Alaska are attributed to convergence and subduction of 

lithospheric plates. The majority of mechanisms fit neatly 

into the framework provided by new global tectonics: The 

earthquakes occur as a oegathrust between the continental 

and underthrusting oceanic lithosphere (McKenzie & Parker, 

1967; Isacks, et al, 1968; Plafker, 1972). The subduction 

process requires motion of the lithospheric plate over a 

viscous asthenosphere if strain accumulation is to occur at 

the subduction zone. In this section the interaction of the 

lithosphere and the asthenosphere will be constrained using 

geodetic data following major dip slip earthquakes. The 

resulting information , the effective viscosity of the 

asthenosphere, is a critical parameter for modelling South­ 

ern California. Unlike the conclusions of Thatcher and 

Bundle(1979), the models suggest that asthenospheric stress 

relaxation provides a simple explanation for the post- 

seismic deformations.

The sequence of crustal deformations associated with a 

major, shallow thrust earthquake such as the 1946 Nankaido 

earthquake have particular significance. These movements 

reduce to four stages: secular, pre-seismic, seismic, and 

post-seismic (Scholz, 1972). The secular strain accumula­ 

tion and seismic deformation conform to the classical elas­ 

tic: rebound theory of Reid(1910). The rapid crustal
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movements which characterize preseisraic and post-seismic 

deformations offer the best constraints on faulting 

processes and interactions between the lithosphere and 

act hen osphere.

Post seismic deformations have either the same or the 

reverse sense of movement as the earthquake phase; the sense 

of movement depends on the particular earthquake (Scholz, 

1972) . The 1966 Parkfield earthquake appears as a buried 

fault: the post-earthquake movements may correspond to creep 

along the surface extension of a buried fault (Scholz, et 

al, 1969)  The post-seismic movements would then have the 

saae direction as the earthquake and approach its inferred 

offset. Thatcher (1975) suggests this behavior for the 1906 

San Francisco earthquake except along deeper segments. 

Barker (1976) notes, however, that fault creep cannot be 

resolved from stress relaxation in the asthenosphere.

Another group of earthquakes do not as readily lend 

thamselves to post-seismic fault creep; instead, asthenos- 

phsric stress relaxation provides a simple explanation. 

These earthquakes include the 1946 Nankaido earthquake 

illustrated in Figure 1, 1923 Kanto, the 1964 Hiigata, and 

tha 1964 Alaskan earthquakes (Brown, 1977). To resolve the 

contribution of asthensopheric stress relaxation to post- 

seisnic deformation, the geodetic data from the 1946 Nan- 

kaido earthquake will constrain simple models of Southwest 

Japan. The model must contain the essential' assumption, a
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subducting lithosphere and stress relaxation in the astheno- 

sphere, while ignoring unwarranted or unresolvable complica­ 

tions. The approach taken uses a linear viscoelastic medium 

for the asthenosphere and lithosphere. Initial elasticity 

and tiBe-dependent relaxation are present, but it avoids 

further material and numerical complications inherent in 

nonlinear stress-strain relaxation. Finally, a novel 

approach in the Laplace domain using the finite element 

method results in a very tract aisle model for the time depen­ 

dent problem.

The results indicate that asthenospheric stress relaxa­ 

tion will explain the post-seismic deformations and also 

provide details of the viscosity structure which are 

unresolved by the analysis of post-glacial rebound. These 

results differ significantly from those of Thatcher and Run- 

die (1979) as a result of their simplifying assumptions: no 

lateral heterogeneities and a viscoelastic half-space for 

tha asthenosphere. Both depth and lateral variations in the 

time-dependent properties must be incorporated for modelling 

the deformations. This is not to underestimate the impor­ 

tance of fault creep, but to emphasize the need to incor­ 

porate realistic geometries and properties of the fault and 

medium.

Using the geodetic data from the 1946 Mankaido earth­ 

quake, the models place the following constraints on the 

lithosphere and asthenosphere:
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t1) A 30 to 40 km thick elastic lithosphere.

(2) A thin, 20 km thick asthenosphera with an effective 

viscosity of 1 or 2 x 10**2Q poise.

(3) A higher viscosity mesosphere with an approximate 

viscosity of 10**21 poise or greater.

(4) A zone or layer of low effective viscosity within the 

asthenosphere adjacent to the subducting slab. Within 

the zone the viscosity is less than 2 x 10**19 poise.

In the following sections I will discuss the approach 

to this problem and the data constraining each conclusion.

For_mulati,oji and the Finite 

Method

The earth exhibits a complex structure along island 

arcs: a dipping fault plane often separating continental and 

oceanic lithospheres. This real earth domain can include 

geometrical and material inhomogeneities, and irregular 

boundaries. A solution strategy for the time- dependent 

strains from faulting must be capable of handling these 

problems. Analytical solutions for a fault are essentially 

limited to a half- space (Rose man and Singh, 1973a,b). 

Approximate solutions for a layered media are possible using 

the method of images and including only the first or higher 

order terms (Nur and flavko, 1974; Rundle and Jackson, 1977). 

Hybrid analytical solutions with propagator matrices are
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possible for a linear viscoelastic model, but are also lim- 

ited to a layered media (Barker, 1976) . This may be suit­ 

able for a strike-slip fault, however, island arcs do not 

correspond to a layered media, Numerical solutions appear 

as the only technique that holds any promise for even a sim­ 

ple subducting lithosphere. Two general strategies immedi­ 

ately suggest themselves: finite element method and finite 

differences.

The finite element method solves the variational prob­ 

lem, that is, minimizing an energy functional or similar 

expression over subregions and then combining into a bandad 

symmetrical matrix. The engineering sciences have provided 

tha impetus for its development, for it is ideally suited to 

elliptical boundary value problems as encountered in elasti­ 

city theory (Zienkiewicz, 1977). For these problems the 

method is fast and has flexible resolution. But time depen­ 

dence introduces problems. One could discretize in time and 

solve; however, this normally requires a two-point boundary 

value problem. Time represents an initial value domain. It 

is at this stage that finite differences is usually intro­ 

duced together with all its difficulties.

The finite difference technigue has been the usual 

solution strategy for time dependent problems (Richtmeyer 

and Morton, 1967). It is also notorious for its idiosyn­ 

crasies: slow and unstable convergence, and difficulties at 

discontinuities. If we use an integral technique for
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generating the difference equations (Smith and Toksoz, 

1972), and then step in time, one does better. Yet this is 

basically equivalent to a finite element solution in space 

and finite differences in time (e.g. Zienkiewicz, et al, 

1968; Bischke, 1974). This is better than finite differ­ 

ences in time and space, but not by much considering the 

bookkeeping needed during the solution.

An alternate method uses an approximate Laplace 

transform inversion and applies the finite element method to 

the Laplace domain of the varia tional-e volutionary princi­ 

ple. First developed by Schapery (1962) for the Rayleigh- 

F.itz method, the technique immediately limits one to linear 

viscoelasticity, actually a very desirable assumption. Adey 

and Brobbia (1973) suggested its extension to the finite 

element method since the strategy overcomes the problems of 

stability and error propagation found in the finite differ­ 

ence technique. Indeed, it is applicable to any problem 

formulated as a Stieljes integral having a well-behaved ker- 

nal.

Appendix A contains a complete description of the 

approach and the development of the evolutionary principle. 

The solution method allows the generation of a series of 

"Green 's" functions for each segment of the fault. This, 

however, imposes certain constraints on the solution method. 

These problems and alternative approaches are outlined in 

ths appendix A, and the computer code is given in appendix
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C.

2.2. Post- Seism ic Deformation for the 9.4.6

Characteristics of the 1946 earthquake have been exten­ 

sively discussed in Fitch and Scholz (1972), Smith (1974), 

ani Thatcher and Rundle (1979). In the context of this 

report, I would like to emphasize certain aspects of the 

data set which have significant consequences for the mode of 

post-seismic deformation occurring in Southwest Japan. Spe­ 

cial attention will be directed towards the following prob­ 

lems: wavelength and locations of post-seismic deformation; 

time scale of post-seismic deformation; time scale for 

tilts; and migration of maximum post-seismic uplift.

Figure 2 illustrates the post-seismic deformations from 

1946 to 1960 on the island of Shikoku. The leveling data 

was supplied by Ando (1976) and tied to the mean sea-level 

changes occurring at the island (Tsumura, 1970). The 

results allow a satisfactory correction for oceanographic 

effects; conseguently, the hinge line is constrained within 

a few centimeters. The form of the deformation allows an 

approximate two-dimensional model. Important constraints 

are offered by the location of the hinge line, position and 

width (70 km) of maximum uplift, and extent of subsidence 

far from the fault. The uplift of 20 to 30 cm occurs dur­ 

ing a period of 13 years. The comparison of this leveling
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data with similar data from 1964 to 1971 will yield addi­ 

tional constraints,

The vertical movements in Shikoku given in Figure 3 

deionstrate a continuation of the post-seismic deformation. 

Again the leveling data is tied to the mean sea level 

changes (Crustal Activity Research Office, 1972). The 

deformation rate is now slower and the location of maximum 

uplift has migrated north by 10 or 20 km. The hinge line 

may also have a slight northward migration. The width of 

maximum deformation remains approximately 70 km. Figure 4 

illustrates both the vertical movements of Shikoku and adja­ 

cent Honshu during the same time interval, 1964 to 1971, 

The pattern of deformation is repeated on the Kii peninsula 

which is also adjacent to the Nanki trough. Again sub­ 

sidence occurs inland from the hinge line.

The previous diagrams confirm post-seismic deformation 

for at least 20 years; however, additional constraints are 

necessary to resolve the time scale, Tilt data can provide 

this information. Tilting at Muroto peninsula in figure 5 

has commonly provided one such data set (Okada and Nagata, 

1953). Using a series af leveling lines at the promotory, 

the tilts suggest very rapid tilting towards the trough, 

The decay time is in the order of one year. This is actu­ 

ally a rather crucial set of data for many investigators, 

Both Fitch and Scholz (1972), and Thatcher and Bundle (1979) 

argue in favor of fault creep as the responsible mechanism.
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It is not possible to satisfy the tilt data and the previous 

vertical movements of Shikoku using a simple model of relax­ 

ation in the asthenosphere (Smith, 1974, 1976). Additional 

information is need to constrain the time scale for the 

tilts across Shikoku; Figure 6 gives this important informa­ 

tion.

The figure illustrates tilts from three leveling lines 

across Shikoku and compares them to a water-tube tiltmeter 

at Matsuyama (Earthquake Research Institute, 1975)   Each 

set of observations fits a similar decay rate for the tilts, 

approximately 10 years. This rate is an order of magnitude 

longer than the decay at Muroto peninsula and, consequently, 

suggests two separate mechanisms for the deformations. The 

next section will propose a solution.

2.3_« Models for Island Arcs

Specific structural features characterize an island arc 

system: The features are dominated by a thrust fault 

separating the descending oceanic lithosphere from the 

slalnd arc or continental plate. A distinct low velocity 

and low Q zone underlies both the oceanic plate and island 

arc (Utsu, 1967). These are also the essential features 

that dominate the finite element models.

Figure 7 illustrates the finite element mesh together 

with these essential regions. The dominant, time-dependent 

interaction is one between the asthenosphere and
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lithosphere; however, other factors are important: gravity 

perturbs the time-dependent deformations; and the length of 

the descending lithosphere influences possible modes of 

deformation. Even more significant are the thicknesses of 

tha lithosphere and asthenosphere, and the relative dimen­ 

sions of the fault.

The simplest model and the one most closely approaching 

tha analytical solutions use a single elastic layer overly­ 

ing a Maxwellian viscoelastic half-space. There has been 

recent confusion, however, on the appropriate parameters to 

use for the viscoelasticity. Thatcher and Rundle(1979) 

assume elastic behavior for lambda and Maxwellian behavior 

for the shear modulus. The bulk modulus will then be a 

standard solid with relaxation in volume. Figure 8 compares 

this assumption to a pure elastic bulk modulus. The result­ 

ing deformations are significantly different, particularly 

if one is comparing the model to observations at some dis­ 

tance from the fault zone.

Comparing the finite element solution in Figure 8b to 

Thatcher and Rundle's (1979) analytical solution in figure 9 

indicates a discrepancy. Near the fault zone numerical 

instabilities are apparent for the post-seismic deformations 

computed with Fundle's analytical method; the oscillations 

are particularly strong when the bulk modulus is assumed to 

be elastic. These oscillations are not present in the fin­ 

ite element solutions. In addition, the finite element.
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method has been verified in Appendix B using analytical 

solutions. Finally, models with different grid structures 

and decay times all yield consistent results for equivalent 

problems. Clearly, a numerical problem exists in their 

approximations; its origin lies in the assumptions for the 

derivation of the "Green's" function (Rundle, 1978) . 

Lambda is required to be constant in all the layers. Conse- 

gu?ntly, a viscoelastic shear modulus reguires the bulk 

modulus k to fce viscoelastic. Assuming an elastic bulk 

modulus will give the numerical instability and the 

incorrect solution. In addition, the image method gives an 

incorrect boundary condition at the interface between the 

layers; stress relaxation will again accentuate this 

discrepancy. Incorrect solutions will result for both 

strike-slip faults and thrust faults. Unless another 

derivation of the Green's function is used, this problem 

cannot be corrected-

There is little evidence to suggest viscoelastic 

behavior for the bulk modulus. Significant relaxation has 

only been observed for the shear modulus in laboratory 

experiments. Other phenomena such as dilatancy have been 

modelled using relaxation of the bulk modulus; however, 

Thatcher and Rundle (1979) did not assume this process or 

justify the magnitude of relaxation. Consequently, our 

models will assume an elastic behavior for the bulk modulus 

(Smith, 1974) .
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Another discrepancy is the relaxation time adopted by 

Thatcher and Bundle (1979). First, they define the relaxa­ 

tion time tan = 2 / where is the viscosity of the 

fisthenosphere, and represents the shear modulus for a 

fcaxwellian model. This represents the relaxation time for 

an elastic layer overlying a viscoelastic half-space, not 

the asthenosphere itself (see WcConnell, 1965). For Maxwel- 

lian response ir shear, frhe correct relaxation time is tau 

= / (Christensen, 1971, using equations 1.32 and 1.41). 

Doth approaches, however, give the same viscosity for the 

asthenosphere since our tau = 4. would be equivalent to tine 

2. in Thatcher and Bundle (1979).

Figure 8 also illustrates the importance of the fault 

depth D to lithospheric thickness H. When the fault extends 

through only part of the lithosphere, the post-seisaic 

deformation near the fault is subsidence, while at greater 

distances uplift occurs. However, when the fault fully 

extends thru the lithosphere as in Figure 10, the region of 

uplift dominates, and the pattern of deformation becomes 

strongly assymmetrical. These general features have also 

been observed for earthquakes. Both the 1964 Niigata earth­ 

quake and the 1923 Kanto earthquake are characterized by a 

zone of post-seismic subsidence near the fault and little 

uplift at greater distances. For at least the 1964 Niigata 

earthquake, this is consistence with the faulting mechanism; 

a shallow thrust fault extending to perhaps 10 or 20 km
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depth. On the other hand, the 1946 earthquake is dominated 

by post-seismic uplift similar to figure 10a. The non- 

dimensional parameter, D/H, primarily controls then the 

shape of the profile. This confines the rough analytical 

models of Nur and Havko (1974) and the solutions of Thatcher 

*nd Rundlr (1979) .

Gravity represents an additional perturbation to the 

surface deformations. Figure 11 from Snith (1974) compares 

tw3 finite elment models, one with gravity and one without, 

when the gravitational potential has been introduced into 

the variational principle according to Appendix A. The 

deformations are for two times, zero or elastic and tau « 

12.6 after the dislocation. The gravitational effect is 

evident for the post seismic phase and only slight for the 

elastic deformations. When the ast henosphere relaxes, the 

gravitational restoring force becomes relatively more impor­ 

tant; the asthenosphere approaches a buoyant fluid. The 

general form of deformation remains the same; however, accu­ 

rate comparison to geodetic data requires the inclusion of 

the gravitational potential,

2»*i« Viscosjjt^ Structure

Analytical models of Thatcher and Bundle (1979) assume 

a viscoelastic half-space underlying the lithosphere; how- 

evsr, both the vertical and lateral viscosity structure are 

crucial for the deformations (Smith, 1974) . Island arcs
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represent a gross deviation from a simple elastic layer over 

a half-space: the subducting slab and regions of high 

seismic attenuation suggest a complex structure. An example 

of the possible consequences is illustrated in Figure 12. 

Figures 12a and b demonstrate deviations from a viscoelastic 

half-space. Both contain a low viscoity channel underlying 

tha lithosphere. For the thicker channel of 50 km in 12b, 

we now observe subsidence at distances greater than 200 km 

from the fault instead of further uplift as in figure 10. 

This is a crucial difference. When a thinner 25 ka channel 

is introduced as in I2a, the width of uplift substantially 

decreases. The thickness of the lithosphere and the rela­ 

tive thickness of the low-viscosity channel determines the 

minimum wavelength as in the problem of post-glacial rebound 

{McConnell, .1965, figure 6) and the relative thickness of 

the low-viscosity channel.

If a descending slab is included in the model, further 

deviations occur in the vertical deformation. The hinge 

point shifts slightly towards the fault while a tail 

develops in the region of uplift. The width of maximum 

uplift, however, remains about the same with only a nominal 

decrease in amplitude. Yet these deviations are important 

in the final models.

The volcanic zones in island arcs and models of convec­ 

tion suggest the existence of partial melt near the fault 

zone within the asthenosphere, A region of low viscosity
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will effect the resulting surface deformations (¥ahr and 

Wyss, 1979) ; however, the effect of the asthenosphere must 

still be included in the models. Figure 12d combines both a 

low-viscosity channel and a zone of lower viscosity near the 

fault. The results are very significant: Hear the fault 

rapid deformation corresponds to relaxation in the low- 

viscosity zone; a broad region of uplift continues by relax­ 

ation in the asthenosphere; and finally migration of the 

hinge line and maximum uplift occurs in response to their 

coupling. These are the essential characteristics observed 

in the tilts and deformations of the 1946 Nankaido earth­ 

quake.

2-5, A Model for the J946 Nanka.ido Earthguake
V

A synthesis of the previous models suggests a 

hypothesis for the origin of the post-seismic deformations, 

A channel of lov effective viscosity with an inclusion of 

still lower effective viscosity near the fault. Since the 

zone is near the fault tip, its low effective viscosity may 

originate frora a power law relation between effective 

viscosity and stress (eg. Slade, et al, 1979). The data is 

unable to resolve the distinction.

Figure 13 summarizes the approximate deformations asso­ 

ciated with the complete model. These will serve as an 

example of scaling. The model uses the same 30 degree dip 

for the slap; tsunami data suggests that 20 to 25 degrees
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may be more appropriate (Ando, 1975) . These results are not 

signficactly effected by a small change in dip. In order to 

fit the narrow width of vertical uplift, a thin astheno- 

sphere is required. The width also places constraints on 

the corresponding thickness of the lithosphere. The time 

scales of post-seismic deformation require inclusion of sec­ 

ular strain accumulation which is illustrated in figure 12c. 

This is modelled using slow reverse creep along the fault; 

the rate corresponds to the observed strain accumulation. 

Figure 12c corresponds to a recurrence interval of tau = 20. 

for time nondimersionalized by the asthecospheric relaxation 

time. This secular deformation is then added to the post- 

seismic movements to give figures 12a,b, and d.

With secular accumulation the post-seismic uplift spans 

a width equal to approximately twice the lithospheric thick­ 

ness. When only a low-viscosity channel is present as in 

fijure 13a and b, the characteristic time constant for 

uplift is approximately 2 to 3 times the relaxation time of 

the asthenosphere. Neither the hinge line nor the location 

of maximum uplift migrates. Using only one effective 

viscosity, simple relaxation cannot explain the observa­ 

tions.

Inclusion of a low-viscosity zone near the fault tip 

introduces an additional relaxation time. In figure 13d 

the effective viscosity of the zone is one-fifth of the 

asthenospheric relaxation time. The resulting tilts near
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ths fault occur with this characteristic relaxation time, 

while at greater distances asthenospheric relaxation dom­ 

inates the vertical movements. The relative contribution of 

each depends on the proportion of the asthenosphere occupied 

by the low-viscosity zone. In addition, the maximum uplift 

and hinge line migrate away from the fault. This model con­ 

tains the features required by the post-seismic vertical 

movements; our problem is now to scale these general models 

to our specific case.

The wavelength of the deformation gives the best con­ 

straint to the thickness of the lithosphere. Using 70 km as 

the observed width of postseismic uplift implies a thickness 

of 35 km for the lithosphere and approximately 15 to 20 km 

for the low-viscosity channel or asthenosphere. Scaling 

from the 1 meter dislocations in the model to an average 

slip of 3 meters suggested for the 1916 Nankaido earthquake 

(Anclo, 1976; Thatcher and Pundle, 1979) scales the amplitude 

of the uplift for each dimensionless time. From figure 13d, 

20 to 30 cm of maximum uplift would occur at tau = 2,; this 

uplift occurs within the interval of 1<4 to 19 years implying 

a relaxation time of 8 years and an effective viscosity of 

1.5 x 10**20 poise. The resulting tilts across Shikoku are 

similar to the previous observations in figure 6.

The zone of lower effective viscosity within the 

asthenosphere accounts for the rapid tilts at the Huroto 

promitory. Relaxation in this region generates a narrow
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zone of rapid uplift and tilting. The uplift is analogous 

to an extension of the fault into the asthenosphere; conse­ 

quently, the length of the zone along the fault determines 

tha details of the uplift. For example, at a distance of 

150 km in figure 13d, the model predicts initial post- 

seismic subsidence followed by uplift. This has been 

observed at tidal stations (Tsumura, 1971). To reproduce 

th? tilts at fluroto requires an effective viscosity less 

than 2.x10**19 poise. With this scaling the model faith­ 

fully duplicates the characteristics of the observed post- 

seimic and secular deformations for the 1946 earthquake.
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3- APPLICA TIONS TO SOUTHERN CALIFOBJSIA TECTONICS

The previous sections have emphasized the importance of 

the viscosity structure as a function of depth, lateral 

heterogeneities on the deformations, and the fault geometry. 

These factors also have significance for modelling the 

deformation mechanisms in southern California, Hadley and 

Kanamcri's (1977) analysis of crustal structure in the 

Transverse Ranges suggest a complex structure. Models of 

the deformation have either assumed an elastic crustal and 

astherospheric structure {Kosloff, 1977), or a viscoelastic 

half-space underlying a simple elastic layer (Rundle, 1979). 

The previous sections in this report suggest that neither 

model is adequate to represent the vertical and horizontal 

deformations. In addition, Bundle's (1979) model of the 

Palmdale bulge as a low angle thrust fault suffers fron 

numerical errors and a viscoelastic bulk modulus; the errors 

will be particularly severe for a low-angle thrust fault. 

Tha computational method outlined in this report can treat 

these problems with the addition of fault creep; its primary 

difficulty is adequate computer resources.

To differentiate the effect of mantle relaxation from 

fault creep and to demonstrate the utility of the computer 

code for three-dimensional problems, we developed a simple 

model of a strike slip fault within a layered media. Simi­ 

lar problems have been studied by other investigators 

(Savage and Prescott, 1978; Barker, 1976) . Under specific
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circumstances, they conclude that stress relaxation may be 

important during the earthquake cycle. In oar computations, 

asthenospheric stress relaxation cannot account for the 

deformations occurring in southern California; complex fault 

geometries and fault creep are also necessary.

A surface view of thp 3D finite element mesh is illus- 

tritt'3 in figure 14. The thickness of the lithosphere and 

asthenosphere are 50 and 100 kra, respectively. A 5 meter, 

strike-slip dislocation is applied to the fault through the 

thickness of the lithosphere. The length of the fault is 

approximately 4 times its width. The fault is free to slip 

in the vertical (Z) direction in response to strains intro­ 

duced by the dislocation strike-slip dislocation. In 

analytical models this feature is difficult to achieve. 

Although a simple model, it is adequate to define the gen­ 

eral deformations along the fault.

The vertical deformations are illustrated in figure 15 

for the post-seismic and seismic deformations. For the 

vertical seismic deformations in figure 15b, the maximum 

uplift and subsidence is in the order of 50 cm near the 

fault tip. The large vertical movement is in response to 

the stress concentration at the crack tip and the vertical 

free slip condition on the fault plane. The top figure, 

15a, illustrates the post-seismic movement dt tau = 2. when 

the vertical free slip condition is retained along the 

fault. This is not a realistic assumption, but it will not
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dramatically alter the results. Further uplift and sub­ 

sidence occurs near the tip; however, it now extends over a 

much broader region. The maximum post-seismic movement is 

approximately 15 centimeters,

The next figure illustrates post-seismic movements on 

an exagerated scale. At time tau = 1, in figure 16, one 

again observes large vertical offsets near the fault tip. 

This occurs in response to stress relaxation in the astheno- 

sphere at the crack tip. In addition, uplift and subsidence 

occur at distances corresponding to a few lithospheric 

thicknesses H. The maximum uplift is approximately 10 to 15 

cm.

In southern California adjacent to the San Andreas 

fault, the elastic thickness of the lithosphere may be as 

little as 20 to 30 km. This is not an unwarranted assump­ 

tion considering the recent tectonics and the previous 

results for Japan. scaling the problem in figure 16 to a 

lithospheric thickness of 20 km instead of 50 km, the fault 

length is now 80 to 100 km and the thickness of the 

asthenosphere is 40 km. If we conservatively assume an 

effective viscosity of 10**20 poise for the asthenosphere, 

figure 16 corresponds to approximately 5 years after the 

earthquake. For slip of 2 meters along the fault, the nax- 

imum vertical deformation would then be 8 cm. If this slip 

occurs as buried creep along the fault, the broad pattern of 

post-seismic deformation would be similar. He might infer,
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th?n, that slip dislocation or creep along a simple strike- 

slip fault gives insufficient vertical movement to explain 

tha large scale vertical movements in southern California.

These models , however, suggest alternate approaches, 

A bend in the fault will generate additional concentrations 

of strain (Koslofi,1977) ; relaxation will be greatst in 

these zones. Complex fault geometries also concentrate 

strain and deformation (Kosloff, 1977) ; we would also expect 

post-seismic deformation to concentrate in these localities. 

Unfortunately, for these complex geometries it is not clear 

how the post-seismic deformation will evolve when couple to 

creep instabilites along the fault. Se are now constructing 

a model of southern California in order to allow direct com­ 

parison to observed geodetic data.
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MODELLIN

Earthquake migration patterns have been observed by 

many researchers (eg, Mogi, 1960; Kelleher and others, 1970 

to 1976), tut their observations have always been qualita­ 

tive. This, coupled with the apparent randomness of the 

data, often make their interpretations questionable J the 

direction of the migration depending in part on the bias of 

the researcher {Kelleher, 1972; Delsemroe and Smith, 1979).

In the previous grant, we developed techniques to quan­ 

titatively establish the migration pattern of large earth­ 

quakes. These techniques consist of (1) a new sampling pro­ 

cedure (see Appendix I) , (2) two-dimensional spectral 

analysis, and (3) a new stacking method to reinforce the 

common feat ires before large earthquakes (see Appendix II), 

The spectral analysis was applied to both the space-time 

diagrams and to the stacked patterns.

In the last six months we considered spectral analysis 

in more detail in order to obtain estimates of the confi­ 

dence bands around the computed spectra. In addition, we 

started preliminary work on the stochastic analysis of 

larger earthquakes using the Box-Jenkins methodology,

- - Estiatin con f idence tans

Confidence bands would be easy to compute, were it not 

for the finiteness of the fourier transform and the smooth-
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ing requirements (Rayner, 1971; Beaucharap and Yuen, 1979).

A linite length of data in the time domain can be 

interpreted as looking at the entire data, both past and 

future, through a limited window. This window is rectangu­ 

lar since it begins abruptly at the beginning and ends 

abruptly too at the end of the recorded data. Unfortunately 

a rectangular window becomes a sine function

( sin pi t / pi t )

whan transformed into the frequency domain. This means that 

each computed frequency is the convolution of the "true" 

transform and the sine function.

The sine function is not a very desirable function 

since it is highly oscillatory and converges slowly. Its 

one advantage is a very sharp central peak. What is needed 

is a window in the time domain that would transform into the 

fraquency domain with a sharp central peak but with no 

oscillatory sidelobes. Actual desirable windows will be 

compromises between these two features. Since the oscilla­ 

tory sidelobes are due to the sharp discontinuities at each 

end of the data, better windows are produced by tapering the 

ends of the data toward zero. There are many ways to pro­ 

duce this effect (e.g. Bartlett, Parzen, Hamming,...) but 

only one is in very common use: the Manning window. It has 

a fairly narrow central peak with small oscillatory 

siielobes converging rapidly. Another reason why it is 

popular, is its ease of computation in both the time and
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frequency domain. This means that the window can be applied 

either before or after calculating the fourier transform of 

th=? 3ata. This first window will reduce the leakage caused 

by the sampling and the finite length of the data.

In addition to this, it is desirable to average values 

in the computed spectrum in order to reduce the variance, 

even though it entails a decrease in resolution. The 

weighting function used to smooth the spectrum is also 

called a window. This second window has a bandwidth 

describing the amount of averaging it effects on the spec­ 

trum. If we have a data series of length L, the frequency 

interval will be 1/L, A window with bandwidth B will aver- 

aye over

0 / (1/L) = DL

values. 2BL is then the number of independent values enter­ 

ing in the final estimate of the computed spectrum, The 

factor 2 is caused by the complex nature of the transform, 

i.e. two numbers {a real and an imaginary) are used to com­ 

pute the spectrum. The product 2BL is called the number of 

degrees of freedom in the computed spectrum*

The concept of a tandwidth is difficult to define quan­ 

titatively. For a detailed description, see Parzen (1961). 

Some examples of bandwidth for some common windows are given 

in Beauchamp and Yuen (1979).
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Now we car estimate the confidence bands around the 

computed spectrum. The fourier transform of the original 

data is the sum of a la rqp number of random variables (i.e. 

tha sum of x(t) exp(iwt) over all t) therefore this sum will 

be approximately Gaussian, as can be proved with the central 

limit theorem. The final computed spectrum is the sum of 

square of 2BL values. Becall that Chi-square (n) is defined 

as the* sum of square of n independent Gaussian variables 

each with zero mean and unit variance. Therefore the final 

computed spectrum will behave as a Chi-square variable with 

2BL degrees of freedom. This distribution can be found in 

practically any introductory statistics textbook.

^-2. Stochastic Epd^IliM Using. Box-Jenkins

Earthquakes have a strong stochastic nature, otherwise
i

tha forecasting problem would have been resolved long ago 

(Lomnitz, 1966). The observed earthquake sequences can be 

considered as a realization of some geophysical process. 

From this realization one can deduce the basic properties of 

the stochastic process such as meanrj, moments,,.. But the 

major purpose in time series analysis is to construct 

molel(s) that have properties similar to that of the geophy­ 

sical process generating the earthquakes.

Pox and Jenkins present a logical method to do just 

this (Anderson, 1975; Box and Jenkins, 1976; Robinson and 

Silvia, 1979). It is an iterative approach to model build-
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ing: First, a general class of model is chosen to fit the 

problem at hand. Second, an initial model is chosen from 

tha general class. This is done using autocorrelation and 

partial-autocorrelation functions, to determine the smallest 

possible number of parameters for an adequate representation 

{parsimony principle). Third, the model is fitted to the 

data and the parameters are estimated. Fourth, the residu­ 

als between the model and the real tima series are computed 

di;d tested to discover possible lack of fit. This diagnos­ 

tic: test either accepts or rejects the model. If rejected, 

the steps are iterated until a suitable model is found. If 

accepted, forecasting becomes possible.

:>o far no mention has been made of the kind of models 

to consider for geophysical data. Box and Jenkins liffit 

'themselves to stationary processes. According to Wold 

(1954) , stationary processes can be decomposed into an 

autoregressive term and a moving average term. This decom­ 

position theorem suggests that little is gained by consider­ 

ing nonlinear models, provided that the series is indeed 

stationary.

For earthquakes it is likely that stationary is satis­ 

fied, since the driving force of plates is probably constant 

over short geclogical time periods (Kagan and Knopoff, 

1976)   F3ut even if some series are non-stationary, it is 

possible to transform them by repeatedly differencing them 

until they do become stationary.



FINAL REPORT, 15 Get 79 , 33

Earthquakes may be thought of as a point process 

(Snyder, 1975). In order to use the Box-Jenkins method, the 

point process must be converted to a time series. One way 

to do it, is to use the sampling procedure we developed ear­ 

lier for tho two-dimensional spectral analysis (see Appendix 

I for morr details). The purpose of the sampling was to 

filter out the high frequencies in order to be able to use a 

limited number of samples. Since this restriction is not 

dirnctly appicable to the Dox-Jenkins method, a simpler sam­ 

pling procedure may be used.

Father than dealing with each earthquake individually, 

the Box-Jer.kins method excels at modelling statistical 

processes, so that it becomes more efficient to group earth­ 

quakes in larger samples. We are investigating three 

related series: (1) the number of earthquakes above a cer­ 

tain magnitude, (2) the energy released by these earth­ 

quakes, and (3) the equivalent magnitude corresponding to 

the energy released by the earthquakes. Present work sug­ 

gest sampling intervals of the order of months to years.

To accomplish the goals described above, we developed 

an extensive computer code. About two-thirds of the basic 

routines for the univariate case have been written and 

tested. Some of the routines follow Box and Jenkins* own 

algorithms as described in their books: Time series 

§Siil§is: forecas^incj and cgntirgl (1216) . Five main pro­ 

grams are required.
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(1) Earthquake sampling routine (ESAMP). This routine con­ 

verts an earthquake catalog into suitable time series. 

The list of earthquakes can be edited in terms of geo­ 

graphic locations, magnitude range, and depth range. 

The sampled time series is stored on disk (or on tape 

kt1) for later input.

(2) Univariate stochastic model identification (US ID). 

This routine accepts the data from routine FSAM9. It 

transforms and differences the data if desired. It 

computes means, variances, autocovariances, autocorre­ 

lations, and partial-autocorrelations. The program 

plots all needed results on the line printer. By exa­ 

mining the autocorrelations and partial- 

autocorrelations, a class of models is chosen. In 

addition, the routine displays histograms of the time 

series to check their gaussian distribution. The auto- 

covariances are stored on disk (or on tape kt2) for 

later processing.

(3) Univariato stochastic model preliminary estimation 

(USPE). This routine accepts the autocovariances from 

routine USID, and from them, computes preliminary esti­ 

mates of the parameters for the class of models 

selected,

(4| fJnivariate stochastic model estimation (USES). The 

initial parameters computed by routine USPE may be
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refined usinq a non-linear least-square optimization 

method, due to flarquardt (1963). Diagnotic checks are 

also furnished to determine the appropriateness of the 

model chosen. This routine has not yet been imple­ 

mented .

(5> nnivariate stochastic model forecasting (USFG). Once 

the least-square estimates of the parameters of the 

&odel have been found, and that the model has been 

checked as appropriate usinq routine USES, forecasting 

is possible. The routine inputs the sampled time 

series front ESAftP, finds thr generalized ARM A parame­ 

ters, then forecast t he series from any origin. The 

time series, with the forecast and its upper and lower 

probability limits are plotted on the line printer. 

The results are also stored on disk (or on tape kt3) 

for later plotting on an X-Y plotter.

All routines have the option of seasonal differencing 

if needed. That option has not yet been tested. Some of 

tha work still to be done includes the non-linear least- 

sguara algorithm, and the plotting routines needed to drive 

the Tektrgnix X-Y plotter. A non-linear least-square ?OR- 

TEAN program exists in Pevington (1969) and could probably 

be adopted. No difficulties are anticipated for the plot­ 

ting routines due to our familiarity with the plotter.
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Once the programs have been completed and tested, 

univariate forecasting will he possible. We expect that 

univariate forecasting will not be entirely adequate to 

predict earthquakes directly, However it may be appropriate 

for forecasting the amount of energy released, or the number 

of earthguakes in a given year.

This tool can be used for many other geophysical time 

series. By fitting stochastic models to series known only 

from their observations, it will be possible to compare the 

observations to the forecast values. Anomalies will stand 

out as being unpredictable, and those anomalous precursory 

events can then be described in terms of the probability 

limit of the stochastic process.

x I: Sampling

Two-dimensional fourier transforms reguire a lot of 

samples since the number of samples varies with the square 

of the number of samples on one side. Therefore in order to 

be efficient, the number of samples must be minimized.

Sampling earthguakes, however present special problems, 

Earthguakes are a point process, with each point represent­ 

ing the time and epicenter of one event. Each event is a 

spike vith essentially instantaneous rise time. \ spike 

contains a uniform frequency distribution; however, a 

bandliraited signal is needed to avoid aliasing.
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To solve those difficulties, we have followed a tech­ 

nique described first by French and Holden (1971). Their 

method involves several steps which ars to be simultaneously 

executed. Although they describe the solution for a one- 

dimensional case, their method can be extended to more than 

one dimension. In two-dimensions, the stops are: (1) Trun­ 

cate the data to a finite record. (2) Convolve each earth­ 

quake or spike with amplitude A with a function that is an 

ideal low-pass filter (Brigham, 197U) :

2 sin (pi t / dt) sin (pi x / ix)
A           __             

pi t pi x

where t denotes time and x represents space with respective 

Nyijuist frequencies :> f 1/2dt and 1/2dx. (3) Truncate the 

data again with the same window used in step (1). (**) Sam­ 

ple the data with sampling rate of 1/dt and 1/dx. (5) 

Remove the mean to prevent the appearance of a DC spike in 

the final spectrun».

In addition to these steps, the space-time diagrams are 

extended with zeroes in order to increase the resolution of 

the final spectra. This is done prior to step (2) to avoid 

truncation of the ideal low-pass filter and, thereby, minim­ 

ize bias. A Banning split-cosine bell taper is then applied 

at the edges of the sampling grid to reduce leakage, as 

described earlier.
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II: 3ta.ck.Lno techaicj[ue

In order to improve the signal to noise ratio of the 

twD -dimensional spectra, we developed a stacking technique. 

Ea.zh earjtj}2jjake has a unique history of earthquakes preced­ 

ing it. The previous earthquakes can be described using the 

£§.£yi!iuake as oricyin. In two-dimensions we would consider 

(1) the time intervals and (2) the distances between the 

previous earthquakes and the earJtjKi.ijake, Ve can plot the 

pattern before each eart^uajce on the saraa diagram, using 

the same origin. The relative time intervals and distances 

are then distributed in a similar manner, and any common 

features will appear as clusters of points.

Instead of considering just one realization of the sto­ 

chastic process leading to an earthquake, we are considering 

several realizations. These realizations are grouped into 

one diagram so that it becomes possible to describe the 

ensemble average of the stochastic process.

Since we are dealing with a historical record of finite 

length, care must be taken in selecting the earthquakes to 

be stacked. Each of them must have the same record length. 

For example, in order to exaffline 20 year long patterns in a 

data set starting in 1897, the first stackable earthquake 

occurs in 1918.

When considering two-dimensions, the space-axis extend­ 

ing along a seismic belt will also be finite. In this case
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edge affects are unavoidable. But if the density of earth­ 

quakes is constant along the seismic b«lt, these effects are 

symmetrical and will be equivalent at each end of the 

space-axis, thereby cancelling each other.
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FIGURE CAPTIONS

FIG UPE 1

Vertical movements across Shikoku. The profiles are 

froip Fitch and Scholz (1971) . Distance is measured from 

their inferred position of the fault within the Nanki 

trough.

(1) The top figure illustrates the secular deformations

prior to the 1946 Nankaido earthquake. Notice the

position of the hinqe line.

{2} Seismic deformation associated with earthquake.

(3} Post-seismic deformation until 1964. ftaximura uplift 

occurs in the region of seismic subsidence.

(4) Sum of seismic and post-seismic movement.

FIGURE 2

Vertical post-seismic movements on Shikoku from 1946 to 

1960 from Ando{1976). The levelling data is tied to the 

variations in mean sea level (Tsumura, 1971). The resulting 

levelling data and tidal datum at stations around Shikoku 

are consistent, to within approximately 5 cm.



FINAL REPORT, 15 Oct 79 41 

FIGURE 3

Vertical movements in Shikoku from 1964 to 1971, The 

leveling data is tied to mean sea level changes (Crustal 

Activity Research Office, 1972) .

FIGflRF, '4

vertical trovoments in Shikoku and adjacent Honshu from 

approximately 1964 to 1971. {Crustal Activity Research 

Office, 1973).

FIGURE 5

1 ilting at fturoto promitory. Notice the secular defor­ 

mation prior to the earthquake in 1946 and the rapid post- 

seismic movement following the coseismic tilt. The decay 

time is in tho order of one year. (Okada and Nagata, 1953; 

Fitch and Scholz, 1971)

FIGUPF 6

Tilts across Shikoku using leveling data with a compar­ 

ison to the water tube tilt meter. The shape of the curves

are similar and suggest a decay time in the order of 10 
/

years. (Earthquake Research Institute, 1975)
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FIGURE 7

linite element mesh used for figures 8, 10, 12, and 13. 

Small modifications adapt the mesh to a simple half- space 

solution, a layered structure, or a subducting slab,

Vertical post-seismic deformation for fault dipping 30 

degrees and p/H=.75 (fault extending through 3/4 of litho- 

sphere) . The thickness ot the lithosphere is arbitrarily 

taken as 50 km, and overlies a Maxwellian viscoelastic 

half-space. The relaxation time for the shear modulus is 

nondimecsionalized to one within the half-space. The inset 

gives the configuration of the lithosphere and fault using 

tha horizontal distance scale. The intersection of the 

fault with the surface corresponds to zero distance if 

aligned with the distance scale. Fault slip is one meter.

<1 ) Kodel for an elastic bulk modulus k.

(2) Deformations when lambda is elastic and the bulk 

modulus is viscoelastic. This case corresponds to fig­ 

ure 1 in Thatcher and Rundle (1979).

FIGURF 9
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Figure 1a from Thatcher and Pundle (1979). Coseismic 

vertical displacement (t = 0, solid line) and subsequent 

viscoelastic response (t=2*tau) ; dotted line, compressibil­ 

ity of half-space held constant; dashed line, lambda fixed) 

due to slip on a fault rupturing three quarters of an elas­ 

tic; plate of thickness H overlying a viscoelastic (Maxell) 

half-space. Vortical uplift is normalized by the reverse 

fault slip, and distance perpendicular to the fault, y, is 

in multiples of the lithospheric thickness H, Fault dip is 

30 degrees.

FIGUflK 10

Similar to figure 8, except the fault fully extends 

through the lithosphere,

{1> Deformations for an elastic bulk modulus,

(2) Lambda held fixed and the bulk modulus becomes viscoe­ 

lastic.

FIG HEE 11

Perturbation introduced by gravity on the vertical sur­ 

face deformations. The geometry is again shown in the upper 

left inset using the bottom distance scale. The fault slip 

is now 10 in with linear decay between the filled circles.
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The descending lithosphere penetrates to 600 km and dips at 

45 degrees, The comparison is for two nondimensional times, 

0. and 12.6, The solid line represents the solution with 

gravity; the dashed line is the solution without gravity. 

Thus gravity introduces an additional restoring force, 

thereby reducing the post-seismic deformations.

FIGtJPF 12

Effects of viscosity structure on post-seismic deforma­ 

tion.

(1) top left (a). A thin low viscosity channel overlying a 

higher viscosity half-space with relaxation time 10,

(2) bottom left (b) . A thicker low viscosity channel, oth­ 

erwise similar to the previous.

(3) top right (c) , A short subducting slab with a thin 

low-viscosity channel.

(4) bottom right (3) . Similar to previous but with zone of 

lower viscosity within channel (darkened region). 

Viscosity is one-fifth of channels (relaxation time is 

.2) .

FIGURE 13



FINAL REPOPT, 15 Get 79 45

Post-seismic and coseismic vertical deformations when 

secular deformation is included. The models correspond to a 

thin low-viscosity channel and a subducting slab. The 

relaxation times are nondimensionalized by the relaxation 

time of the channel.

(1) top left (a). Post-seismic vertical deformation with 

the secular deformation in (3) or (c) ,

(2) bottom left (t) , Coseismic plus post-seismic deforma- 

t i on.

(3) top right (c) . Secular deformation using model in (a) 

and assuming recurrence interval as 20 relaxation 

times. Deformations along upthrown side (oceanic) are 

not modelled properly using normal slip on fault.

(4) bottom right (d). Post-seismic deformation for zone of 

lower viscosity (one-fifth) embedded in the channel. 

Rapid relaxation causes the uplift to migrate from the 

fault.

FIGUEE 14

Surface view of 3D finite element mesh. A strike-slip 

fault is located in the center and extends through the 

lithosphere. The thickness of the lithosphere is 50 km and 

it overlies a 100 km thick asthenosphere. A 5 meter dislo-
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cation is applied to the fault. Element numbers are also 

shown.

FIGURE 15

Vertical deformations for seismic (bottom figure) and 

post-seismic (top figure) for the previous model. The vert­ 

ical scale is in centimeters while the horizontal scale is 

in kilometers. The post-seismic plot is made at tau = 2.0.

FIGURE 16

Post-seismic deformations for model in figure 14 at tau 

= 1,0. Vertical scale is again in centimeters.
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APPENDIX A . 1 

Implementation of time-dependent, finite element method

APPENDIX A2 outlines a finite element method for linear 

time-dependent problems; now the implementation of this 

scheme introduces new problems. Flexibility is needed 

for the method: elastic solutions, gravity, faults, and in­ 

versions should be available. Each finite element solution 

must yield both displacement and stress solutions in the 

time-domain. These requirements place tremendous demands 

upon input-output control within the programming. All these 

require careful implementation to give an efficient and 

useful computational strategy.

These requirements are obvious in the solution method. 

Each finite element solution in the Laplace domain demands a 

separate factoring of the stiffness matrix; each element's 

contribution involves an integral of the transformed relaxa­ 

tion function G

K = I i / <|> TETGE<t>dv " (A.I) n Z V ~ ~   

where the notation conforms to Chapter 2. For each La­ 

place time the transformed displacement q are the solution 

to

K q = Q (A.2)
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where the boundary conditions and loads Q start at time 

zero (section 2.3). The inversion to the time-domain using 

collocation or least-squares requires the transformed dis­ 

placements q for each reduced time. If stresses are 

necessary, we also save the stress-strain matrix for each 

reduced Laplace time and element. This involves enormous 

data retention. Once the finite element solutions are 

available in the Laplace domain, least-squares fits the 

displacements q or element stresses to the transformed 

exponential series:

n S.
1 j = l,n (A.3)

where

n -t/y.
q = I S i (l - e x ) (A.4) 

i=l

in the time domain (section 2.6). Notice that all initial 

displacements or stresses correspond to a step function at 

time zero. The fitting implies access to many solutions 

in the Laplace domain. Inversions multiply this require­ 

ment: each fault segment needs its own time-dependent 

solution. Fortunately, multiple factoring is unnecessary 

for the stiffness matrix K; rather, forward-backward sub­ 

stitution yields each solution when intermediate results 

are available. Again efficient data management is paramount
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Figure A.I

Outline of system structure for finite element computa­ 

tions and inversion. Three systems are represented: 

i) The finite element computations (FEM) include SETUP, 

SOLUTION, and INVERSION stages. Three direct-access files 

on disk represent intermediate storage modes. For the 

solution program, gravity, the Laplace times for the solu­ 

tions, and the problem type (elastic or viscoelastic) must 

be specified. The subsequent inversion to the time domain 

involves either the stress of displacement when the series 

times and, if necessary, a constant flow term are selected, 

ii) The second system plots the displacements and stresses 

for models derived from either inversions or specific FEM 

problems. The program accesses the mesh configuration 

stored on disk and plots at desired times using the series 

approximation (equation 2.6.9).

iii) Given an initial model and the constraining data, the 

inversion stage generates new models together with the 

resolution and errors for each. The first program formu­ 

lates the problem into an eigenvalue problem and the result­ 

ing work files are stored on direct-access disk. The 

second solves the problem, while the last generates new 

models and determines the resolution and errors for a speci­ 

fic number of eigenvalues. These models may now serve as 

a new initial model.
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On-line core storage is crucial. Adopting a scheme 

used by Orringer and French (1972), we store each band of the 

stiffness matrix beginning with the first non-zero entry. 

A significant savings in space results compared to the maximum 

bandwidth mode. Subroutines from the FEABLE system 

(Orringer and French, 1972) have been incorporated with 

modifications for.setting up the problem, factoring the 

matrix using Cholesky's algorithm, and subsequent solution 

using forward-backward substitution. These provide an 

efficient solution scheme when we retain the whole stiffness 

matrix in core.

Figure A.I shows the system structure adopted for the 

viscoelastic solution. A crucial element is sufficient 

versatility to allow solution of various problems: elastic, 

viscoelastic, and inversion for both displacements and 

stresses. Information must be accumulated for each. For 

example, the stress-strain matrix for each Laplace time 

and element must be saved for computing time-dependent 

stresses. To accomplish these tasks, we subdivide the 

problem into the following operations:

I. SETUP assigns locations to the storage areas (i.e. 

stiffness matrix, solution-force vector, bookkeeping variables, 

etc.) based upon the dimensions of the problem, and reads and 

stores the element information. This is independent of the 

type of solution, whether elastic or viscoelastic/ it
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only depends on the grid structure. All this is stored 

on a dispr work-file together with the element informa­ 

tion, material constants, node locations, densities, 

boundary conditions, and other assorted information. 

Access to the disk file occurs one track at a time to 

reduce input-output operations.

II. SOLUTION constructs the stiffness matrices and 

solves them for the specified problem. For an elastic 

solution just one factoring is necessary while a visco- 

elastic solution requires half a dozen or more separate 

assembling and factoring operations. Each factoring may 

involve more than one solution if a generalized matrix 

inversion is necessary. All the input is accessed from 

the disc work-file, while all output is stored on a disc 

solution-file. This dramatically decreases input-output 

expense when combined with an additional buffer variable 

located in a read-write subroutine. Large blocks of input 

or output may be transferred thereby reducing the input- 

output operations to the computer.

III. TIME DOMAIN INVERSION reads the displacement solu­ 

tions for each Laplace time and inverts using- the series 

approximation for either displacement or stress. The 

resulting coefficients are stored on disc file. Once
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these solutions are available, various modes of pro­ 

cessing can be executed including plotting and con­ 

structing the variational parameters for the inversion 

solutions.

IV. DATA INVERSION

The generalized matrix inverse allows a simple in­ 

version scheme for the fault displacements. We access 

a file containing the time inverted coefficients for the 

displacements and introduce a starting model. SETUP fixes 

the viscosity ratios for the asthenosphere and mantle; 

however, scaling allows us to vary the initial viscosity 

in the asthenosphere. In the starting model we constrain 

this initial viscosity and define the fault segments for 

the inversion. The resulting coupling and variational 

coefficients together with appropriate weighting and 

errors define the coefficient matrix for the inversion.

Now the first of two routines multiplies the co­ 

efficient matrix by its transpose and factors into a 

tridiagonal matrix using Householder's method, solves for 

the p largest eigenvalues using bisection, and finds the 

eigenvectors. With the results stored on disc, the 

second reoutine selects the number of eigenvalues and 

generates the solution, variances, resolution matrix, and 

weighting matrices for the next iteration. The structure 

facilitates alterations and new models without solving a 

new finite element model.
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APPENDIX A.2

FINITE ELEMENT METHOD AND LINEAR VISCOELASTICITY

2.2 Variational Problem for Linear Viscoelasticity

Essential to the finite element problem is a variational 

formulation of the problem: the solution technique is based 

on the minimization of an integral-differential operator. 

For boundary value problems as in the theory of elasticity, 

these variational principles are relatively straightforward 

and assert that a function u (displacement or stress) satis­ 

fies such a problem if and only if the given functional 

(i.e. potential or complementary energy) is stationary at u. 

However, viscoelasticity requires an "evolutionary" principle: 

a functional which is minimized along a trajectory in time. 

Several derivations of variational theorems in quasi- 

static viscoelasticity are possible. Schapery (1962) has
i;

used Biot's thermodynamic theory to deduce one such principle.
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This theorem imposes certain limitations on the class of 

problem. Instead, a simple generalization of the elasto- 

static variatonal principle due to Gurtin (1963) using 

Stieljes convolutions will be proven. Later we will review 

Schapery's assumptions for they bear upon the numerical 

technique.

For reference the differential equation defining the 

quasi-static viscoelastic boundary value problem are 

(Christensen, 1971)

. = 1/2 (u. -+u. .) assuming infinitesimal strain 
3 lt3 I' 1 3u.

and u -

or

using the Stieljes convolution form of the constituent relation 

Note that a. . is the stress tensor and e. . is the strain tensor

aij,j + F. = 0 for equilibrium relation, (2.2.2)

and aijnj = S± on BQ (2.2.3)

u± = A± on BU (2.2.4)

where S. and A. are the prescribed stresses and displacements 

on the boundary B when n. is the normal vector ard F. is the 

body force. The kernals G. .. . (t) are mechanical properties 

of the material and are termed relaxation functions .
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The object is to derive a functional TT whose variation 6ir 

vanishes and yields equations (2.2.2) - (2.2.4). We now define 

the functional IT according to Gurtin (1963) :

» = /v tV2Gijkl*aeij *aekll - a. .Me.. - (oy , j+F.)*du. ]dv

+ / [o.*dA.]da + / [(o.-S )*du. Jda (2.2.5) 
Bu Bc

where F., A. f and S are given quantities and each variable 
11 i

is dependent upon the appropriate coordinates . Again we let

a. =* a..n. on the boundary. IT is the correct functional if 
i ID D

the Euler equations give the proper field equations and 

boundary conditions. Thus it is necessary that the first 

variational <$TT of the functional TT in equation (2.2.5) vanish 

if and only if the field equations and boundary conditions 

given by equations (2.2.2) - (2.2.4) are satisfied. The 

variational principle is then a generalization to visco- 

elasticity of the Hu-Washizu theorem in elasticity (Hai-Chang, 

1955; Washizu, 1955) .

Suppose we take the variations in the histories u. (T) f 

£..(T), and O..(T) to prove this statement; that is

<5e i;.(T)a (2.2.6)

where a is some small real number and 6u. (T) , 6e..(T), and 

6a. . (T) are sufficiently smooth, arbitrary functions. The
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general variation of the function is desired (Gelfand and 

Fomin, 1963) . The first variation of TT becomes

[6a.*dA.]da + [ (a. -S . ) *d6u. + 6a.*du.]da 
u 1 i Ba 13-

Here the commutative property of Stieljes convolutions

(G. ., *d6e. .*de. ft = G. ., 0 *de. *d6e- 4 ) , and the symmetric rela- 
ijkfc 13 k£ ijkfc kJl 13

tion (G. ., . = G, - . .) based on the symmetry of the stress and 

strain tensors are used (Christensen, 1971). Following 

Gurtin's development the term / [<5a.*du.]da is subtracted 

from the integral over B and added to the last term of the 

B integral. Using Green's theorem, the first variation 

results:

dir = / (G. .» 0 *de, *- a. .)*de. . - (a. . . + F.)*d<5u.
J * ^ T if v ir V "l"l i"i "i"i*l ^ ^ 

»y -LJJ^A» JV* JLJ JLJ JLJ , J 1. 1
V

- (£_ - l/2ui . - l/2u. i )*dai .]dv

+ /« [(a.-S.)*d6u.]da + / [ (A.-u.) *d<5a. ]da (2.2.8) 
Ba i i i bu i i i

To satisfy 6ir = 0 for arbitrary <5a., 6u., and Se.. each 

integral must separately vanish. This requires that the 

integrand of each equal zero giving us the field equation 

and boundary conditions, equations (2.2.2) - (2.2.4).
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Since a 'displacement 1 approximation will be used with 

the finite element method, a simplified variation principle is 

more useful:

a
(2.2.9)

Only the displacements are varied subject to the constraint 

imposed by the displacement boundary conditions (2.2.4). 

This variat;ional principle is then analogous to stationary 

potential energy in elasticity and the proof proceeds as 

before (Christensen, 1971, sec. 5.4).

An operational form of the variational principle may now 

be obtained if the Laplace transform of TT, is taken (Schapery, 

1962) :

? - = / e~ptTT,(t)dt (2.2.10) 
a 0 d

obtaining

wd = / v[l/2Gijk,*dTi:J *dIkr FT *du-± ]dv - /B (S.*du.)da

(2.2.11)

where the bar denotes the Laplace transform of the function. 

The variation of TT. derives the Laplace transformed Euler 

equations . These are completely analogous to the Euler 

equations in the time domain. Using this operational varia­ 

tional principle we can easily compute the displacement
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solution in the Laplace domain given the transformed relaxation 

function G.., p for the material*and the transformed boundary 

conditions. Only the solution must be inverted to the time 

domain. These are the topics of the next sections.

2.3 Finite Element Method for Operational Variational Principles

The finite element method is very similar to the Rayleigh- 

Ritz-Galerkin technique. Each begins with a functional or 

variational principle and minimize* it for an approximating 

function u. This in turn leads to the Euler equations for the 

system. While finite difference schemes approximate the 

derivatives after minimization in these Euler or field equa­ 

tions, both the finite element and Rayleigh-Ritz methods 

start with the actual variational principle, but with one 

significant difference: the Rayleigh-Ritz-Galerkin strategy 

chooses a finite number of trial functions <J>.    4>N which span 

the whole domain and satisfy the boundary conditions for the 

variational principle. The finite element method, on the 

other hand, subdivides the domain into 'elements 1 . Within 

each element a simple, complete sequence of trial functions 

interpolates the function u. Compatibility with essential 

boundary conditions is easily achieved for the trial func­ 

tions within each regular element, as opposed to the Rayleigh- 

Ritz method when irregular boundaries over the whole domain 
o
must be satisfied by the trial functions. Each subdivision
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or element of the finite element domain can then be assembled 

with the others into discrete algebraic equations having 

"nice" banded properties, a significant advantage for effi­ 

cient numerical solution. It is this simplicity of the trial 

or interpolation functions which gives the finite element 

method its power.

Courant (1943) first proposed the equivalent of the 

finite element method with a piecewise application of the Ritz 

method to the St. Venant torsion problem. Engineering prob­ 

lems, however, provided the real motivation for its development 

(Argyris, 1954; Turner, ejt al. , 1956), while

its relation to the Rayleigh-Ritz-Galerkin principles was only 

later recognized and used to advantage. It is not my intention 

here to outline the whole theory, for an excellent mathematical 

text is available (Strang and Fix, 1973) . Instead the emphasis 

is placed upon the solution of the quasi-static viscoelastic 

problem using the operational formulation.

Common to all finite element problems is the variational 

formulation of the equations. These can be developed by 

using the principle of 'virtual work 1 for elasticity theory 

(Fung, 1965, sec. 10.7), by introducing the thermodynamics 

of the system (Biot, 1965, 1970), or by appealing to various 

mathematical operations as the Galerkin method (Strang and 

Fix, 1973, sec. 2..3) . It is fundamental to remember, however, 

that the variational principle determines the boundary
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conditions satisfied by the trial or interpolation functions 

for each element. The variational statement represents the 

primary physical principle, and the differential equation and 

boundary conditions are only a secondary consequence. Care 

must be taken then to preserve the proper boundary conditions 

within the variational principle. The results will be obvious 

as the finite element approximation emerges from the varia­ 

tional principle.

Let us begin with the simplified displacement variaticnal 

principle developed in the previous section for viscoelasticity 

Although the operational form in the Laplace domain is used 

for the derivation, the results are exactly analogous to the 

elasticity problem. The transformed operational variational

principle is given by equation (2.2.11) if e . . = l/2(u. ,+u. .)
1 D it D 3 r !

?= [l/2ff*aei *aekr F.*du-,]dv -

(2.3.1)

when the integrations are carried over the volume V for the 

region and surface area B for the applied tractions S.. The 

bar denotes the Laplace transform of the function. Associated 

with this operational variational principle are the following 

Euler equations and boundary conditions in the Laplace domain:

o"4 4 4 + F 4 = 0 (2.3.2)

a . . = S. on EL (2.3.3) i;jn.. i a



A2-9

Now the approximation requires an interpolation function for 

u applied to each element, then summing the contributions 

of the elements.

The interpolation function for the subregion must satisfy 

certain conditions in displacement: (first, rigid body motions 

must be possible. This is a consequence of the essential 

boundary conditions. Second, the admissible space of feh»~ 

derivatives in the variational principle must be represented 

in the interpolation. Finally, the set of functions should 

be complete between the lowest and highest degree of approxi­ 

mation. With the variational principle (2.3.1) the inter­ 

polation of u must contain a constant displacement term u and 

at least the linear term to represent the first derivative. 

Polynomial interpolation such as Hermite splines give the best 

and most complete representation. A discussion of this 

problem may be found in Strang and Fix (1973); here it will 

suffice to assume a polynomial representation is optimum.

Let us represent the function (i.e. displacement) u as 

a sum of the basis or interpolation functions '<}>.. If the 

problem is discretized, nodal parameters q. can be associated 

with each element. Each of these q, is the value at a given 

node z. of either the function itself or one of its deriva­ 

tives . Thus one has for trial function v*1

qj = Djvh(2j ) (2.3.4) 

when D. is the differential operator of order j. For each
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element specific nodes are assigned for the approximation as 

illustrated in Figure 2.1. Now a trial function <J> . is 

assigned to each nodal parameter q. having the following 

property: At node z., D.4>. equals 1, while at all other nodes 

the interpolation function is zero. One has

Di*j (V = 6 ij (2.3.5) 

Within the element the displacement trial function then becomes

uh = Iq (2.3.6)

This represents a local basis within one element.

If the variational principle is now considered as the sum 

of each element's contribution, one arrives at the following 

form after introducing matrix notation:

?= I {/ [l/2dTTG dT-du~TF]dv - / (d^S)da} (2.3.7) nV ~   ~ ~ ~ B~~
a

The interpolation basis function can be represented by

du = $q (2.3.8) 

and
de = E du = E^q (2.3.9)

where E represents the strain operator, <J> is the interpolation 

function, and q represents the nodal values. The operator E 

depends upon the coordinate system and particular element.
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Figure 2.1 "

Configuration for representative elements. Nodes Z. de­ 

fine each element, where the values q. approximate the trial

function // at node Z.. 
V 3
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Fig. 2.1
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u,

Substituting these into the variational principle^yields

(2.3.10) n*~

where
k = 1/2 / <{> TETGE<}>dv (2.3.11)

Qe= / <}> TFdv + / (J> TSda (2.3.12)

Here q have been removed from the integrals since" they 

represent the nodal values. All the elements may now be 

summed obtaining a matrix of the form

TT = qTKq - ^Q .(2.3.13)

where

K = I k (2.3.14) 
n

Q = I Q6 (2.3.15) 
n

The quadratic form for TT is minimized when

Kq = Q" (2.3.16)
 

Thus we need only solve this matrix equation.

The solution technique is improved if we observe certain 

properties of the matrix K: first, K is banded if care is 

taken when numbering or ordering the displacements q . Each 

position in K represents the coupling between two nodal
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values; an entry will generally occur if the nodes are adjacent 

to one another. Thus adopting a uniform and sequential order­ 

ing scheme for q drastically reduces the bandwidth of K and 

its storage requirements. Second, K is symmetric and 

positive-definite since G\ ., - are always positive. Under these 

circumstances Cholesky factorization and forward-backward 

substitution provides an efficient solution strategy for the 

problem (see Wilkinson and Reinsch, 1971, Part 1).

As one might have forseen, the elements and their basis 

functions have a crucial position in the method. The degree 

of the approximation dictates the minimum possible bandwidth, 

but also the accuracy of the approximation. For example, if 

a linear approximation to the displacement u is used on a 

triangular element, stress will be constant throughout the 

element (hence the name Constant Strain Triangle), and six

degrees of freedom are required for a two-dimensional element.
o

The error for the displacement is proportional to h where h

is the characteristic dimension of the element (Strang and 

Fix, 1973, chapter 1). Introducing a quadratic approximation 

and six nodes or twelve degrees of freedom on the triangular

element vastly improves the accuracy. One now has a linear

4 approximation in stress and h error in displacement; however,

the bandwidth is increased with twelve degrees of freedom for

one element giving a corresponding increase in solution time
»

(Strang and Fix, 1973, sec. 1.9) . A trade-off exists then
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between the order of the approximation and the solution time. 

It may be more expedient to use more three node than six node 

triangular elements to achieve a desired accuracy for the 

displacements. The most desirable element for stress approxi­ 

mation is not obvious for most circumstances, since the twelve 

degree of freedom triangular element can make an immense 

difference (Desai and Abel, 1972, sec. 6.2). For the visco- 

elastic computations both six node triangular and four node 

isoparame-i-ric quadrilaterals also improve the stress approxi­ 

mation. Each problem, then, poses different conditions re­ 

quiring careful thought for the grid structure.

The singularity introduced by the fault (i.e. crack tip) 

strongly effects the element configuration. The convergence 

error associated with the singularity depends on the dimension 

of the element and not the order of the approximation within 

the element (Strang and Fix, 1973, chapter 8). Unless a 

special element containing a singularity function is intro­ 

duced, the grid must be more refined near the crack tip. 

For these computations I have opted for increasing the number 

of elements rather than using a singularity function. 

Arbitrary displacements are necessary along the fault which 

implies singularity functions for each element along the 

whole fault. This complication would significantly effect 

the bandwidth and computational speed, negating the effort 

required for development and incorporation of these singu­ 

larity elements.
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2.4 Modified Variational Principle for Hydrostatic Stress

Gravity introduces prestressing into the media which 

can be reduced from the variational principle. Biot (1965) 

has extensively treated this problem; his development will 

be cited in this section. The finite element method intro­ 

duces special problems since the symmetry of the banded 

matrix must be maintained. The terms representing hydrostatic 

prestressing, however, retain a bilinear form allowing a 

simple transformation to a real symmetric quadratic matrix.

When the hydrostatic component of the initial stress is 

removed from the variational principle and only residual or 

deviatoric stress is expressed, two additional terms are 

introduced which represent the work of the buoyancy forces 

(Biot, 1965, sec. 3.6):

3p f 
Y = PfX.u.e + 1/2 X 3-i- u u (2.4.1)

 «- J J J 0X^ 1 J

Here p^ denotes the fluid density of the media producing the 

hydrostatic stress; X. is the j component of the body force; 

e is the dilatation; and u are the displacement components.

The first term, p._X.u.e, expresses a buoyancy effect arising
33 3p f

from a change of volume, while the second, 1/2 X.  %-=- u.u.,
3 °x^ i 3

represents a buoyancy generated from the displacement and the 

density gradient. The latter term appears as an elastic 

force proportional to the displacement directed normally to 

the equipotential surfaces. The modulus is proportional to



A2-17

the product of the body force magnitude and the density gradient; 

hence, depending on the sign, it may be stabilizing or destabili­ 

zing.

To incorporate these terms within the finite element method, 

they must be represented in a symmetric quadratic form. We can 

represent the dilatation e using our nodal approximation in the 

finite element method (see section 2.3)

e = E4>q " --; (2.4.2)

where u = <J>q for the displacements and E represents the strain-

displacement operator. Thus a bilinear form also results for Y:

T
rp m m m rp » P f

Y = q 1 a 1 (pX) 1Eaq + l/2q 1 a 1-- Xaq (2.4.3)

Any real bilinear matrix A can be transformed to a real 

symmetric quadratic

xTCx (2.4.4)

if T
C = 1/2[A + A1 ] (2.4.5)

This formulation, then, readily accommodates initial hydrostatic 

prestressing within the media.

2 .5 Fault Zone in Finite Elements

An earthquake fault zone is analogous to a crack or 

internal boundary condition within the media. Different 

boundary conditions are possible along each face of the
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crack: a stress boundary implies a constant stress drop 

while a displacement boundary signifies a Somigliana disloca­ 

tion (Bilby and Eshelby, 1968). In this section a method is 

indicated which incorporates either boundary condition along 

a fault so long as linearity assumptions are maintained for 

the deformation.

For simplicity let us consider a displacement dislocation
+ _ 

along a crack or fault represented by Au = u -u . This

internal boundary can be represented by two adjacent nodes 

with a prescribed displacement between the nodes. Each node 

is then free to deform within the media; yet their location 

relative to one another defines the dislocation. Figure 2.2 

illustrates this configuration. To implement this strategy 

using the finite element method requires little additional 

effort if the coordinate system of the variational principle 

is transformed along the fault. We must express the absolute 

coordinates along one fault interface in terms of the opposing 

face. Assuming the elements have been assembled into a stiff­ 

ness matrix, we have the following variational principle (see 

section 2.3):

TT = qTKq - qTQ (2.5.1)

where q are the nodal parameters or generalized coordinates, 

K is the stiffness matrix, and Q represents the nodal forces. 

If the matrix is partitioned into sections
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Figure 2.2

Representation for fault (or crack) within finite ele­ 

ment region. Considering a pair of nodes, we define the u~ 

coordinate in terms of u.. (u2 = u. + Au) along the internal 

boundary.
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[qa
" K««

KBa

K

Tf Tf

Ba Yd

KB3 KYB

K D K 
YB YY

q

q B

A

[qa a

IT =

(2.5.2)

where a are coordinates in the continuum, B are coordinates

along one fault interface , and y are the coordinates along

the opposing fault interface. Introducing a new coordinate

where " --

qy = + A , (2.5.3)

we obtain

TT =

K K 0 -f K ] K aa Ba Y<* ' Y<* 
\
1 

K Ba+ V KB6 |/ KYY ! *Y3 + KYY

K |K _ -f K IK 
_ Ya I YB YY i YY

qa

q 3

A

[q q 0 A]a B

-

(2.5.4)

Qa

Q B+QY

_s ^
A now represents the dislocation along the internal boundary 

independent of the coordinates; it can either be, a free 

parameter or prescribed along the interface.

Introducing this coordinate change simplifies the 

computations and properly simulates the dislocation. Jungels 

and Frazier (1973) express the fault dislocation in the 

force or inhomogeneous vector Q . This representation com­ 

plicates the bookkeeping associated with assembling the 

elements. Each element location and submatrix adjacent to 

the fault must be retained in addition to any rows and
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columns of the K matrix for successive application of the 

fault displacements. If instead the fault is prescribed in 

the absolute coordinate frame (i.e. left in q) , the problem 

is completely wrong. Rigid body motions of the crack or 

fault are then impossible. McCowan, Glover, and Alexander 

(1974) and Shimazaki (1974) are among those that have 

committed this error. The coordinate change appears then 

as the most efficient strategy to incorporate the fault.

2.6 Inversion to the Time Domain

Essential to the use of operational variational methods 

for transient problems is the final inversion to the time 

domain. A strategy is needed giving accuracy comparable to 

solutions in the Laplace domain, but unwarranted accuracy 

would be inefficient. Thus using Fast Fourier transforms are 

very inefficient for they require too many solutions and 

exact evaluation. Schapery (1962) developed, instead, a 

technique based upon the thermodynamic properties of linear 

viscoelasticity: apart from steady flow, the time dependence 

of all coordinates is given by a series of decaying exponen­ 

tials (Biot, 1958). Schapery went on to prove uniform con­ 

vergence for a finite sum of decaying exponentials and to 

demonstrate its power with the Rayleigh-Ritz method. But 

recognition of its potential usefulness to the finite 

element method is due to Adey and Brebbia (1973).
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To prove this property of time dependence for the 

coordinates, we must first indicate certain properties of 

the kernal G. ., in the Stieljes convolution or 'hereditary
1^ }C JO

integral 1 (equation (2.2.1)). Using the thermodynamics we 

can prove the following assertions (Christensen, 1971) :

I Gijfc^t) 1 ° (2.6.1) 

from the requirement of non-negative work.

t (2 ' 6 - 2)

from the requirement of non-negative dissipation or

increasing entropy.

2 
III - G. ,«(t) > 0 (2.6.3)

if we require a fading memory behavior.

These conditions are fulfilled if we assume a prony series

representation :

N n -t/T
G (t) = 7 Gn e an -I- G° (2.6.4) a £1, a a

Steady flow introduces a differential operator into the 

kernal. Biot (1958) has proven equation (2.6.4) represents 

the solution of the normal coordinates for a hereditary 

material. A concise treatment of this proof may be found 

in Fung (1965, sec. 13.5).

Once the form of the kernal G. ., has been established, 

the Laplace transform gives the operational moduli (Biot, 

1958; Schapery, 1962) :
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where T are the relaxation times and p is the Laplace 
n

transform variable. Each matrix is symmetric, real, and 

positive semi-definite; i.e.

° < 2 - 6 - 6>

but the matrix made up of the sum is positive definite:

n

If the operational moduli G.., « is now substituted into the 

operational variational principle, one can now prove the 

following conjecture (Schapery, 1962, 1964):

-t/Y
q = I Sn (l-e n) + S° + SSt (2.6.8) 

n

where y are the relaxation times for the series. We have 

assumed the relaxation times are independent of position 

within any one element and a finite number of degrees of 

freedom are used for q. These assumptions are completely 

consistent with the finite element method.

This relationship suggests a very simple procedure to 

calculate the time-dependent displacements (or stress) from 

our operational-variational principle. Provided that the 

undisturbed linear visccelastic body is subject to prescribed 

loads and displacements which are step functions of time
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applied at time zero, we can denote the stress or displacement 

response by

(2.6.9)

Q

where ip° and ^ are constant with respect to time and Aip(t) 

is the transient response:
00

Aip(t) = /4>(T)e"t/TdT (2.6.10) 
0

(J>(T) represents the temporal spectral distribution function 

of the variable T. The function may consist of discrete 

frequencies represented by Dirac delta functions, ie.

n
*(T) = I 4>. <$(T-T.) (2.6.11) 

i=l 1 1

One obtains then the series representation as in equation 

(2.6.4) :

n "t/T i 
AiJ;(t) = I <J>. e 1 (2.6.12)

i=l 1

Representing the displacements or stress response by equation 

(2.6.9) for i|j(t) and using Aip (t) implies that the Laplace 

transform i|j(t) has singularities only on the non-positive 

real p axis, and that all poles are simple, except at the 

origin where a double pole is possible (Schapery, 1962, 1964) 

The simplicity of the Laplace transform of ip (t) suggests 

that a reasonable approximation to the displacement solution 

is possible using collocation or least-squares (Schapery, 

1961, 1962) . If the transient response is given by the
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prony series

n -t/Y^
Ai|;D = I S^l - e XJ (2.6.13)

where y. are prescribed relaxation times, the unspecified 

coefficients S. are readily calculated by minimizing the 

total squared error between the actual displacements Ai|; 

and the calculated displacement A^D « This total squared 

error is

00

E = / [Ai|; - Ai|; ] 2dt (2.6.14) 
0

with the minimization yielding

, 
-1/2 ||- = o = / [Ai|; - Ai|;]e *dt 1=1,...,n

dbi 0 D (2.6.15)

Collocation results in n relations between the Laplace 

transform of Ai|; and A\j; evaluated at 1/y. :

1=1,...,n (2.6.16)

Substituting the Laplace transform for Aij; and multiplying 

by p, we obtain a convenient form for the variational

solutions:

n S.
[pAi|;(p)l iy = I , . * j=l,...,nP""-1-/T-; -i i  *  "N" -n i /v

3 i-l i p-l/Yj (2.6.17)

e
Additional p for evaluation allows calculating ip ° and ij; 

in the series (2.6.9), or using a least-squares solution
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to (2.6.17). pAiMp) is just the finite element solution 

using the operational-variational principle for linear 

viscoelasticity. Thus the coefficients S. when substituted 

into the series (2.6.13) and (2.6.9) immediately yield the 

time-dependent solution.

The total squared error involves both the accuracy of 

fitting the series to the calculated displacements and the 

numerical error introduced when the transformed displace­ 

ments are calculated with the finite element method. 

Consequently, if an approximate inversion has been obtained 

with n terms and it is desirable to reduce the squared error 

by using additional terms, it will often be necessary to

evaluate the transform A^(p) and AijL (p) with increased 

accuracy. When the transforms are calculated with enough 

numerical accuracy, the total squared error (2.6.14) indicates 

that, if they are evaluated sufficiently close for 0<p<°° , 

the error of the time-dependent approximation is arbitrarily 

small.

2.7 Boundary Conditions

Application of the finite element method to a problem 

normally occurring in a half-space entails artificial boundaries 

within the media. A slice of the media is taken rather than 

the half-space. In elastostatics we can appeal to the simi­ 

larity between a fault within a half-space and Saint-Venants
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principle: the application of a system of forces statically 

equivalent to zero force and zero couple to a small part of 

a body's surface produces strains that are of negligible 

magnitude at distances which are large compared with the 

linear dimensions of the part (Fung, 1965). A fault, 

however, does introduce couples; thus, we must carefully 

investigate its effect, particularly for time-dependence.

Two approaches to simulate the boundary of a half- 

space suggest themselves. The first follows from the flexi­ 

bility afforded by the elements: we grade the element 

dimensions for the desired resolution. Near the fault the 

elements are fine, while along the boundary far from the 

fault, the elements increase in size. This maximizes the 

distance between the boundary and fault for a given number 

of unknowns. But this is nothing new.

An alternate strategy simulates the half-space on the 

boundary. This is analogous to Boussinesq and Cerruti's 

problem in elasticity: we desire the relation between 

displacement and force for the surface of an elastic or 

viscoelastic half-space. Since the two dimensional analogue 

of Boussinesq*s solution does not tend to zero at infinity 

(Love, 1944 art. 150), we examine the behavior using an 

empirical relation. Boussinesq and Cerruti's problems 

indicate a linear relation between surface displacements u 

and load P for a half-space (Fung, 1965, sec. 8.8).
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P = ctu (2.7.1)

We can postulate a similar relation for the boundary of the 

region to simulate the infinite continuum. Along the diagonal 

of the stiffness matrix an additional constant a for the 

elastic support relates the displacement and reaction. This 

is equivalent to altering the variational problem for the 

new boundary condition. A term l/2ct..u.u. enters the varia­ 

tional principle along the surface specified by these 

boundaries.

To estimate the best value for a , we compare an 

analytic solution for a fault within a half-space to the 

finite element method. Another comparison uses a second 

finite element model constructed by reducing the size of the 

original model. Varying the boundary conditions then allows 

a best fit for the reduced model to the original. Using 

this analogy to a half-space/ a noticeable improvement 

occurs for the reduced model.
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APPENDIX B

TEST PROBLEM: Pressurization of a viscoelastic cylinder

with an elastic case.

We desire a problem with an analytic solution for 

comparison to the numerical method. A problem often en­ 

countered in engineering literature is the pressurization 

of an infinite viscoelastic cylinder enclosed by an elastic 

case. Using the correspondence principle of viscoelasticity 

and the elastic solution, we can compute an analytic 

solution. The strategy is similar to the operational 

form of the variational principle, except the Laplace 

transform of the Euler equations reduce to equations 

analogous to the elastic problem (Christensen, 1971). 

Thus elastic solutions are applicable when the elastic 

moduli are replaced by the corresponding transformed 

viscoelastic moduli. We then transform the operational 

solution in the Laplace domain to the time domain. Using 

this approach, Lee et al. (1959) have calculated the 

stresses for an externally reinforced viscoelastic 

cylinder. These results allow direct comparison with our 

finite element solution.

The numerical solution uses the method previously 

outlined: finite element solutions in the Laplace domain 

and a series inversion using collocation to the time 

domain. In addition, a finite element solution using
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stepping in the time domain is available (Zienkiewicz, 

et al., 1968). Assuming a Maxwellian viscoelastic behavior 

in shear and elastic behavior for the bulk modulus, the 

constituent relations are:

GijM (t) "

where k(t) is the bulk modulus relaxation function and y(t) 

is the shear modulus relaxation function. Therefore one

6e(T)
[k(t- T )-fui(t-T)] 

0

(B.2)

2a.. = 5.   [k(t- T )-fui(t-T)]     dr 
13 13 J 3 6T

t 6 e. . ( T)
M(t-T)  il    dT 

0

where the relaxation functions for our case are

k(t) = K (B.3)

and
y(t) = Vi0 e""t/T (B . 4)

For the thin elastic case, these moduli are set to 

K « 3.778xl0 7 lb/in2 ; y Q = 1.1525xl0 7 lb/in2 ; T = 1. (B.5) 

The relaxation time T is in arbitrary units. For the 

internal viscoelastic cylinder these take the values

K « 1 x 10 5 lb/in2 ; y n = .375 x io 5 lb/in2 ; T = 104
0 (B.6)

Thus the case is essentially elastic.
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The element configuration adopted for the problem 

is given in Figure B.I . The elements are all constant 

strain triangles. The boundaries simulate a full cylinder; 

free slip is specified along the edge of each quadrant. 

The interior is then given an outward, arbitrary pressure 

of one unit. Finally, the inversion of stresses to the 

time domain uses five reduced times.

Figure B.2 illustrates the principle stresses for 

two times, zero and ten, plotted on the element array. 

The zero time is obscured by time ten except where a 

tensional hoop stress occurs along the inner boundary. 

The ends of the tensional stress are denoted by small 

asterisks superimposed on the isotropic stress at time ten. 

The stiffer elastic case receives the brunt of the ten­ 

sional hoop stresses as the shear modulus relaxes within 

the viscoelastic cylinder. These results correspond pre­ 

cisely to both our intuition and the analytic solution.

The results for the radial stress, o , are given in 

Figure B.3 with a comparison to the analytic solution of 

Lee, et al. (1959). The results correspond very favorably 

when the individual elements are properly averaged for each 

radial distance. The elements, constant strain triangles, 

do not give exceptionally accurate results since stress is 

constant throughout the element. Better results occur when 

adjacent elements are averaged to obtain an approximation



Figure B.I

Finite element net for viscoelastic cylinder with 

elastic case. Using plane strain, one quadrant simulates 

the full cylinder when slip boundary conditions are applied 

to the faces. The origin then represents the center of 

revolution. Shaded elements correspond to the visco­ 

elastic medium; the surrounding, thin elastic case 

conforms to the outer, unshaded elements. The inner 

arrows represent the pressurization of the interior at 

time zero.
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Figure B.2

Principle stresses plotted on the element array. 

Two dimensionless times, 0. and 10., are shown in the 

diagram. The length of the line segment denotes the 

magnitude normalized by the pressure; the orientations 

correspond to the minimum and maximum stress. The scale 

is in the upper right. Asterisks mark the ends of the 

tensional stress. Note that time 10. generally obscures 

time 0. except when the asterisks are visible. By time 10. 

the stress within the viscoelastic cylinder is virtually 

isotropic; the elastic case absorbs the tensional hoop 

stress.
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Figure B.3

Normalized radial stress from the finite element 

solution compared to an analytic solution by Lee, et al. 

(1959) for pressurization of a viscoelastic cylinder with 

an elastic case. Three times are shown after pressurization 

0., 1., 10. The symbols indicate the finite element 

solution at specific elements; the lines are the analytic 

solution. Averaging two adjacent elements yields the 

best approximation since CST (constant strain triangles) 

give constant stress. The comparison is then quite good.
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midway between the two (Desai and Abel, 1972). One 

effectively obtains then a second order approximation 

similar to a six node triangle.

The solution given by Zienkiewicz, et al. (1968) re­ 

quires many more individual solutions than the operational 

strategy. His solutions use time increments of .1; thus, 

100 solution steps span the time domain. This is 20 times 

more than the transformed solution. An iterative solution 

technique can successfully be applied to save time for both 

methods. It was not used for the transformed principle since 

many unique solutions are required for the fault plane in­ 

version at each reduced time. The inversion solutions are 

also impossible with the time-stepping strategy. The 

operational strategy requires then only one twentieth the 

solutions as an efficient stepping method, not to mention 

the versatility gained for inversion problems and the avoid­ 

ance of error propagation.
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APPENDIX C. 1
i C STAGEi? PROBLEM SETUP ^   1~ 1' 

PROGRAM STAGEi ( INPUT . OUTPUT JAPE5=IHPUT , TAPE6-OUTPUT . 
i TAPE8,TAPE11> 

C
5 C NOTE? LENGTH OF REALK SUFFICENT FOR UP TO L.Q IF LK=6fl09<J 

C
DIMENSION REALKt2)
DIHENSION DUMiiOO),IDUH(ii)B),NODE<i3).UNITL(6) 
DIHENSION XC(6),BOUND(3)

10 DIHENSION TITLE(2a) / COORD(3,8) l FBCtW(4,2(H)0),IFBtON(4 l 2000),CC(ia) 
LOGICAL OUT,SKIP
LOGICAL OLDKRK , GMALT , GR AV , GRAYS , GKAVB , OLDSOL , D15P , LOAD , RNODE , 

i RCOORD
EQUIVALENCE ( REALK ( i ) , INTGRK ( i ) , FBCOM ' i , i ), IFBCON< 1,1).' 

15 EQUIVALENCE (DUH(l),,IDUHa))
EQUIVALENCE (HASH1 ; IHASH1) 

C
LEVEL 2,REALK, INTGRK, FBCON,IFBCOH 

C 
J8 COH«ON/IO/KR,Ky,KP ; KTl,KT2,K13,OUT

COMHON/SIZE/NET,NDT,NETNE«,NDTNEM,LNODNW 
COHHON/BEGIN/ICON, IKOUNT, ILNZ, IHASTR , IQ, IK 
CQMHOWEND ACON , LKOUNT , LLN2 , LHASTR , L9 , LK 
COHHON/BLD/KPTRjLREC^IREC 

25 COfflON/BLDIO/XIOUR<204&) 
CONHON/INDEX/INDEXiaSOO) 

C
COHHON/PROB/HASH^OLDWRK^ENGTH.GRAV.GRAyS^RAVB.GMALT.NFLT^LAP, 

1 NDIM,DISP 
30 COHHON/GRV/NGRAV r RHOF,DRKO(4) ; XF(0> ; NODG{4)

COHHON/ROT/IROW , JROW ; KROW ; ZANGLE , Y ANGLE XANGLF 
COMHON/BOUND/NBONJIHE,DP 

C
COHNDN/K /INTGRK(SOOeD) 

35 C
EQUIVALENCE (TIHE,ITI«E) 

C
DA1A KPTR/i/,LREC/2a48/,IREC/l/
DATA LOAD/. FALSE./, RNODE/. FALSE./, RCOORD/. FALSE. /.OtDWRK/. FALSE./ 

48 DATA NDIM/2/ ; OUT/, TRUE. /,GHALT/. FALSE. ;,GRAV/. FALSE,/ 
DATA GRAVB/.FALSE./.GRAVS/. FALSE. /, OLDSOL /.FALSE./ 
DATA DISP/.FALSE./^NETNEH/a/^DTNEy/O/.LNOWW/B/

45 1 DISP, RNODE, RCOORD,NDIH,LOAD,NETN£U ; NDTNEW,LNODNW 
NAHaiST/IOK/KR,K«,KP,KTi,KT2,KT3,OUT 
NANELIST/SET/NCON,HASTRL 

C
tmmmnummmmwmmmnmmnmtmnmmwmm

5d C
C Crt TU1TTA1 UAt IITC- ___ ... - __________ - _ ,-. _______ .... ______ - __ Otl lITiliHL VRLUt.3       

C

KR=5 
55 KW=6
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C yORKFILE THESE ARE FIXED FOR READ
KTi-il

C SOLUTION FILE OLD - MLAD 
60 K12=i2

C NEW SOLUTION FILE - 5BLD 
KT3=13 
READ(5,IOK)
CALL OPENHSdl, INDEX!, 1900,0) 

65 C
C REAP MODEL SETUP-  - -   
C

READ(KR,IN) 
READER, SET) 

70 NET=NET-NETNEy

CALL SETUP(LENGTH,NCON,HASTRL,REALK ; lN)Gf?K:' 
IHASHi=NET«2tNDT

75 ifl FORHAT(28A4)
C
C MASTER ASSEMBLY LIST -. 
C- ZERO MASTER ASSEMBLY LIST

DO il?0 MMASTR,LHASTR 
80 1090 IHTGRK(I)=8

C
C IF GENERATE, GMALT=T 

IF(GMALT) GOTO 1200
C 

85 JJ=0

1100 CONTINUE
READ<KR,20)IET ; (NODE(I),I=i,18) 
IF(IET.EQ.0)GOTO 1300

70 IF(IET.LE.NETNEH)GOTO 1100 
IET=IET~NETNEH 
JJ=JJtl 

2fl FORMAT(I4,18I4)
INTGRK(IMASTR+IET-i)=IC 

95 IF(RNOD£)GOTO iiiS
C    READ DEGREES OF FREEDOM FOR ELEMENT

11=0 
1110 IMW

IF(NODE(II),EO,0,OR.II,GT,18)GOTO 1120 
108 IF(NODE(II),LE,NDTNEU)GOTO 9100 

INTGRKUC):NODE(!I>-NDTN£U 
IC=ICtl 
GOTO 1110

C-  READ NODES - CONVERT TO DOF 
105 1115 11=0

C     - -TEMPORARY CORRECTION FOR HEXO, STRIKE! 
CiilS 11=4

1116 II=IIU 
110 C-TEMPORARY CORRECTION TO PETERS PROGRAM, NEXT 3 STATEMENTS
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CiiiS 11=5 
Ciii6 II=II-i
c iFai.EG.o)GOTo 1120

IF(NQD£(II).EQ,O.OR.n.GT,l8)GOTO 1120 
ii5 NODE(II)=NODE(II)$NDIM-NDIM

IF(NODEUI).LT.NDTN£«)GOTO 9109 
DO ill? I=i,NDIH 

ill? lNTGRK<n>I-i)=NODEUIHI-NDTNEW
H>IONDIM

129 C    TEMPORARY CORRECTIQN-HEX8, STRIKE! 
C iniI,E«.8)II=f 
C IFdLEQ. 4)11=8 
C  - -

GOTO 1116
125 1120 CONTINUE 

1159 CONTINUE 
GOTO 1199 

1210 CONTINUE 
CALL MALT 

139 1309 CONTINUE
MGRK(IC)=0 
IC=IC i 

C CHECK FOR ZERO ELEMENTS
IF<JJ,NE,NET)yRITE>:«¥,28)J),NET 

135 28 FORMAT't   ERROR IN ASSEMBLE LIST   ELEMENTS, NET*, 2110)
IFaC,GT,LMASTR)HR}TKK«,29>IC ( LHASK 

29 FORMATS -- ERROR IN ASSEMBLY LIST---- ~IC,LHASTRt,2I&)
DO 1329 I=IHASTR,IC
IF(INTGRK(I).EQ.»)«RITE(KM,30)I,IMACTP / iMASTR,IC,IHASHi,NDTNEW > NDIH, 

149 1 N£T,IET
39 FORMATS -  -ERROR IN ASSEMBLY LIST  --- -LOCATION* ,1V

1329 IIMSH1=IHASHHINTGRK(I)*I 
C 
C OUTPUT PROBLEM FOR CHECK        - --  -

145 C
WRm(K«,ii9HTITLEU>, 1^1,29) 

110 FORMAT(1H1,20A4)

WITE(KW,120)NET ; NDT 
150 120 FORMATdX,///,! NET^ ; I6 ; < TOTAL NUMBER OF ELEMENTS*/,

1 3X,» NDT=I,I6,* TOTAL NUMBER OF DEGREES OF FREEDOM (CONSTRAINED
2 AND UNCONSTRAINED)*//) 

W«ITE<KiM39)KR,KW,KP,X-fi,KT2,KT3
139 FOWAW INPUT-OUTPUT UNITS? KR=*,I2,* K«2t,I2 ; * KP=*,I2,/, 

155 1 t KTl=t,I2,t WHKFILE*,/,* KT2=t,I2,t OLD SOLUTION FILE*,/, 
2 t KTSM^IZ,* NEW SOLUTION FILE!//)
«RITE(K«,i49)ICON,LCON,IKOUNT,LKOUNT / ILNZ,LLNZ,IMASTR ; LMASTR, 

1 IQ,LQ,IK,LK 
149 FORMATS ADDRESS INDEX PARAMETERS? BEGIN/ END*/,

160 1 29X,
2 16X,
3 29X,
4 16X,
5 24X, 

165 6 24X,

ICON/LCONM^^t GLOBAL NUMBER CONSTRAINT VECTOR*,/, 
IKOUNT/LKOUNi=?,2I6 ; * DIAG, ADDRESS OF R0y«,/, 
ILNZ/LLNZ=*,2I6>t LEAD NON-ZERO COLUMN, DOFt,/, 
IMASTR/LMASTRst,2I6,» MASTER ASSEMBLY LIST*,/, 
IQ/LQ««,2I6,* FORCE/DISPLACEMENT DOFt,/, 
IK/LK=t,2I6,t MASTER STIFFNESS MATRIXt,///)
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ISO FORNAT(iHl,*MASTER ASSEHBLY LIST*)

IF<OUl)WRITE(K«,i55)(iNTGRK(l),I=IHASTR,LHASTRJ 
155 FORHAWH ,2816* 

176 C
C ALLOCATE SPACE FOR HASTER STIFFNESS MATRIX    - 
C

CALL ORK (LENGTH, REALK,INT6RK) 
C 

175 C KRITE MORKFILE FOR PROBLEM SETUP-   ----- -
C

CALL BLD<28, TITLE, KTi),RETURNS(9000) 
CALL BLD(6,KR,KTi),RETURNS(96BO) 
CALL l<LD<5,NET,KTi),RETURNS(9flfll> 

180 CALL BLB(6,ICWI,KTi) > RETURNS(9()00) 
CALL BLD<6,LCON > KTl) > RETURNS(?OOi) 
CALL BL»<li > HASHl,KTi),RETURNS(9fl(>0) 
CALL BLD2aHASTR,REALK(i),KTi) ; RETURftS<?l!OI))

185 CALL BLD2(LEN,REALK(I8),KTi),RETURNS(9000.'

C  -READ COORDINATES
C INPUT UNITS FOR SMALLEST COOR0, FIRST, BOUNDARY IN ORIGINAL 
C UNITS FOR BEND, THEN UNITS FOR LARGER COORD 

196 READ(KR f *)(UNITS(2$I-l),BOUND(I),UNITG(2*I),I=l > N0IM) 
DO 1396 I*i,NDIN 
XC(2tI)=fl,
XC(2tI-i)=BOUNDU)t(UNITS(2*I)-UNITSC'*I -i» 

1390 CONTINUE 
195 tfRITE(K«,i58)(UNITS(2*l l) ; UNITS(2»I),BOU«D(l),I=i / NDIM)

158 FORHATitflCOORDINATE UNITS* ( iOX,*BOUNDARY IN ORIGINAL UNIISV.IX, 
1 1P3E16.2)
IF(.NOT,RCOORD)eOTO 1500 
II*« 

208 J=l
1400 REAPtKR.DLNO 

IF(LNOD,EQ.O)GOTO 
IF(LHOD.LE.LNODNW)GOTO 1480

205 I
JJ=IK+(LNOD-1)*ND1M 
DO 1410 M.NDIH 

1410 REALK(JJ*I)=COORD'I ; J) 
GOTO 1400

210 1450 IC=INTGRKUHASTR-i+LNUM) 
DO 1460 J=1,LHOD 
NOD=INTGRK(IC*NDIM-D/NDIH

DO 146S I=i,NDIH 
215 1465 COORDd.D^REALKdM)

1460 CONTINUE 
GOTO 1515 

1498 MRITEdl 
220 160 FORHATd   ERROR IN COORD.    US,/, (IX, iPiOEil.3))
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C / ~ 6,
STOP

1495 IFai.NE.NDT/NDIHJGOTO 1490
C READ ELEHENT INFORHATION AND OUTPUT TO BLD  -    - ---       
C 

225 1500 CONTINUE
SKIP=. FALSE.

IFtLNUH.EQ.DGOTD 1660 
IFaNU«.LE.NETNEW)SKIP=,TRUE, 

30 LNUMNUH-NETNEW

READCKR^JKC^NGRAVS^'HO^GRV

1F(NGRAVS.EEI.O)GOTO 1510
235 READER. l)(NODG(I) f DRHO(I) ; I=i,NGRAVS' 

216 FORMAT(2I5) 
215 FORHAT(8Eil,4) 
22fl FORHAT<I10,7E10.4. 
225 FORHAT(2Ei§. 4,110; 

240 230 FORHAT(8E10.4) 
1510 CONTINUE

C READ LOADS AT LOCAL NODE HUNKERS 
IF(.NOT.LOAD)COTO 1513

245 IF(NBON.EQ,0)GOTO 1513
READ(KR,l)(irBCON(l,I),<fBCON(J+i.I),J=l / N01«)>I=l,NBDN) 

1513 CONTINUE
IF(SKIP)GOTO 1500
IDUH(1)=LNUH 

250 IDUH(2)=LNOD
JJ=2
IF(Rt:OORD)GOTO 1450 

1515 CONTINUE
DO 1526 J=i,LNOD 

2S5 DO 1520 I=i,NDIH

1520 DUH(JJ)<OORD(I,J)tUNITS(2tI-n)tXCi2*I-II) 
260 JJ=JJ+i

IDUM(JJ)=KC 
DO 1525 1=1, KC 
JJ=JJ«i

1525 DU«(JJ)=CC(I) 
265 JJ=JJM

DUH(JJ)*RHO

DUH(JJ)=YGRV

270 IDUM(JJ)=NGRAVS
IF(N RAVS,EQ.O)GOTO 1S3S 
DO 1530 I=i,NGRAVS 
JJ*JJ+2 
IDU«<JJ-i)=NODC(I)

275 1530 DU«(JJ)*DRHO(1)
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1535 CONTINUE
IF(.NOT.LQAD>GOTO 1549
JMM
IDUM(JJ)=NBON 

280 IF(NBON.E9.0)GOTO 1540
00 1539 I=i,NBON
JJ=JM
IDUH(JJ)=IFBCON(i,l)
DO 153' J=i,NDIM 

285 JJ=JJ+1
DUH(JJ)=FBCON<lfJ,I»

1539 CONTINUE
1540 CONTINUE

CttLL BLD(JJ,DUH,KTi),RETURNS(909B> 
298 IF(OU1)yRITE(K«,24i)IDUM(i),IDUH(2),JJ,KC > fDUM(I),> ]=3,JJ)

241 FOWttmx^lS^tiXjil'ilEil.a)) 
J=LNtiD*N»IH 
IF(OUl)WRITE';KH,242)aNTGRK(INTGRK(IHftSTR-i>IDUH(i))

242 FORMAT<iX,ilI18) 
29S 1590 CONTINUE 

GOTO 1500
1595 WRITE(R'H,245)II 
245 rORHATO ----- -ERROR IN ELEMENT INFORMATION   *,I6>

STOP
300 1600 CONTINUE 

C 
C READ NODE ROTATION  ---.- --.- -  . .  - ..-- 

C
READ(KR ) t)NROT,IDROT 

305 250 FOR«AT(2Ilfl)
IDUH(i)=NROT
IDIW(2:)=IDROT
yRITE(KW,252)NROT,IDROT

252 FORHAT(1H8,»NOBE ROTATIONS HROT/I0ROT=t,2Ib) 
310 CALL BLD(2,IDUH,KTi),RETURNS(9009)

IF(NROT.EQ,fl)GOTO 1690
IFdDROT.Efl.DGOTO 1650
DO 1620 M,NROT

315

IF(KROU.LTJ)XROW=0
«RITE(KW,2S4)N,IROW,JROW,KROW,ZANGLE,YftNGLE,XANGLE 

320 254 FORHATdX^^.lPSEiO^) 
260 FORHAT(4I5,3Eif.4)

CALL BLD(6,1ROMTD,RETURNS(9008) 
1620 CONTINUE 

GOTO 1690 
325 1650 CONTINUE

DO 1660 M,NROT
READ(KR,$)N,IROy,JRO«,KROM,Xl,Yl,Zl,X2/f2 ; Z2 

270 FORNAT(4I5,6E10.4)
IROW=IROW-NDTNEW 

330 JRO«=JRO«-NDTNEH
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Cl-1
KRCNHROU-NDTNEU 
IF(KROW.LT.8)KROy=8 

C ASSUME 2 D
ZANGLE=ACOS((X2-Xi>/S9RTUX2-Xl)H2+'Y2 Yi)«2)) 

335 YANGLE=«. 
XANGLE=I.
CALL !0<6,IROMTi>,REfURNS(90ll> 

1660 CONTINUE 
1698 CONTINUE 

348 C
C BOUNDARY CONDITIONS-    - ..-  -    - .-  
C EXTERNAL
C

URITE<XU,304)
34S 304 FORMATaHI,tBOUNDARY CONDITIONS? EXTERNAL AND INTERNAL, FORCES*) 

1=0 
LEN=fl 

2110 CONTINUE
REAIKKR,*)IDOF,!TIME,DP,DPGRAV 

350 318 FORMAT(I5,5X,I5,E10.4) 
If(IDOF,EQJ)tOTO 2158 
LEN=LENM

355 IFBCON(l t I)=IDOF
FBCOW2,MPGRAV
FBCON(3,I)=DP
IFCCON(4,I)=ITIME
IF(IDOF.GT.NDT)tfRITE(KW,315)IDOF 

368 315 FORMAT*!     ERROR IN BC    -IDOf ,IDOF2=*.2118)
GOTO 2108 

2158 CONTINUE
IFU.NE.O)CALL IORDC02(I,IFBCON ) i > 4)
LEN=4*I 

365 IF(LEN,EQ.»)LEN=i

WlTE<Ky,318)< ONaU>,II=i,4>,J=i,NECON) 
318 FORMAT(1X,4(I5,1P2E10.2,1L,2X))

CALL W.D2(LEN,FBCON,l{Tl) ; RETUR»5(?ff08) 
378 C

C INTERNAL 
1=8 
LEN*0

2280 CONTINUE
375 REA0<KR,$)IDOF,IDOF2,ITIM£,DP 

328 FORMAT(3I5,E10,4) 
IF(IWF,EQ,I)GOTO 22SI

1=1+1
380 IDOF*IDOF-NDTNEH 

IDOr2=lDOF2-NDTNEtt 
IFBCON(i,I)=IDOF 
IFBCQN(2,I)=I»OF2 
FBCON(3,I)*DP

385 IFCCON(4,I)»ITIME
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IF(IDOF.GT.NI)T.OR.IDOF2.GT.NDr)WRITE<KW ) 31S)IDOF ( IDOF:-
GOTO 2201 

2250 CONTINUE
IF(I.NEJ)CALL IORDC02(1,IFBCON,2,4) 

399 LEN*4tI 
C

1F(LEN,EQ,9)L£N=1
NICON=I
l«lTE(Ky,3i9)((FBCON(II,J),II=i,4),J=i,NICON) 

395 319 FORHAT(iX,4<I5,Iifl,iPEi0,2,I5,2X)>
NBON=NICON+NECON
WRITEiKy,324)NCON,NBON,NECON,NICON

324 FORMAT(iX,*DISPLACErtENT CONSTRAINTS REQUESTED**, HO/
i t DISPLACEMENT CONSTRAINTS NEE»ED=* ( IiO/ 

410 2 * EXTERNAL CONSTRAINTS**, I iO/ 
3 * INTERNAL CONSTRAINT^*, 1 10) 
IF(NCON.LT,NICON-fNECON)HRITE(K»,325)NCON,NECON,NICON

325 FORHAKt -  ERROR--  NCON/NECON/NICONt, 316)
CALL BLD2(LEN,FBCON,KTi>,RETURNS<?009.> 

415 C
C FORCES Q 
2300 CONTINUE

READER, »)NBON,ITIH£ ; DP 
330 FO*HATU5,5X,I5,Ei«.4> 

410 IF(NBON.EQ.»)GOTO 2356 
NBON^NBON-NBTNEU 
«RITE(KW,3i9)NBON,ITIrtE > DP 
CALL BLD(3,NBON > KTi),RElURNS(900l; 
GOTO 2311

415 2350 CALL BLDU,NBON,KTiUETURNS<900ll) 
C
C END OF MORKFILE-  -- --""" -- --   -----   -  ---    
C

CALL FRC(fl,0,KTi) > RETURNS(?000) 
420 C

340 FORHATdX,///,!      STAGE! COMPLETED --   *)
STOP

7100 WRITE(6,900i)LEN
425 9101 FORHATd  -ERROR IN BLD-  -1,16) 

STOP
9100 MRITE(6,910i)NODE(II),IL"T,IC
9101 FORMAT (t  -IHPROPER NODE NUHIER-  NODE/lET/IC=l,3Ii«)

STOP 
430 END

STATEMENTS BEGINNING AT BaOW LINE NUMBERS ARE UNREACHABLE ( DEAD CODE ). AND WILL NOT BE PROCESSED 
297

SYMBOLIC REFERENCE HAP (R=i)
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ENTRY POINTS 
2237 STAGE!

VARIABLES SN TYPE
5970
5ii7

2
2
0
3
4

4631
0

4664
4666

0
4635

1
3
e
2
i

4632
4644

0> >

4
i

4627
5
T

4641
4642

4
4630

e
a
i

4663
i
e

4665
4643

16
35iB

6
1
i

4625
i

5954
5862

e
4656
4647

BOUND
COORD
or
DRHO
FBCON
GRAM
GRAVS
1
ICON
IMF 2
IDUH
IFBCON
II
1KOUNT
IHAbTR
INTGRK
1REC
ITIHE
JJ
KC
KPTR
KRW
KT2
KU
LEN
LK
LLNZ
LNOD
LNUN
L6
MASTRL
NBQN
NDIH
NDT
NECON
NETNEH
N6RAV
NICON
NOD
NODG
OLDSOL
OUT
REAL*
RHOF
OKIP
TIHE
UNITS
vr
XIOWR
X2
YGRV

REAL
REAL
REAL
REAL
REAL
LOGICAL
LOGICAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
LOGICAL
LOGICAL
REAL
REAL
LOGICAL
REAL
REAL
REAL
REAL
REAL
REAL

RELOCATION
ARRAY
ARRAY

ARRAY
ARRAY

ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY
ARRAY

BOUND
GRV
K
PROB
PROB

BEGIN

K

BEGIN
BEGIN
K
BLD
BOUND

BLD
ROT
10
10

END
END

END

BOUND
PROB
SIZE

SIZE
GRV

GRV

10
K
GRV

BOUND

BLDIO

5147
12

4662
4666

6
5
0

4633
4661
4651
4634

0
5
2
0
4
0

464D
1
2
0
3
5
0
2
i
3
4

3595
1

4652
4627
4636

3
0
 »i

4645
10

5032
4650

1
35§7
4646
3596
4626
5073

5
6

4653
4

4654

CC
DISP
DPGRAV
DUM
GMALT
GRAVE!
HASH!
1C
1DOF
IDROT
IET
IHASHi
IK
ILNZ
INDEX!
ie
IRON
J
JROH
KP
K*
KTi
K13
LtQN
LENtlH
LKOUNT
LMASTK
LNQDNW
LOAD
LREC
N
NCOM
NDINET
NDTNEW
NET
NFLT
NGRAVS
NLAP
NODE
NROT
OLBHRK
RCOORD
RHO
RNODE
THK
TITLE
XANGLE
XF
XI
YANGLE
Yi

REAL ARRAY
LOGICAL
REAL
REAL ARRA?
LOGICAL
LOGICAL
REAL
INTEGER
INTEGER
1NIEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER ARRAY
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
LOGICAL
INTEGER
INTEGER
INTEGER
INTEGER *UNDEF
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER ARRAY
INTEGER
LOGICAL
LOGICAL
REAL
LOGICAL
REAL
REAL ARRAY
REAL
REAL ttRRAY
REAL
REAL
REAL

PROB

PROB
PROB
PROB

PROF
BEGIN
BEGIN
INDEX
BEGIN
ROT

ROI
10
10
10
10
END
PROB
END
END
SIZE

BLD

SIZE
SIZE
PROB

PROB

PROB

ROT
GRV

ROT

O-
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VARIABLES 3N TYPE
4657 Y2
4655 21

FILE NAHES
0 INPUT

445 TAPE6

EXTERNALS
ACOS
BLD2
IO&DC02
OPLNHS
SETUP

NAHELIOT5
IN

REAL
REAL

HOBE

FHT

TYPE ARCS
REAL '.

3
4
4

S

IDK

RELOCATION

445 OUTPUT
1112 TAPES

LIBRARY

3 ZANGLE REAL
4660 12 REAL

1557 fAPEii

10
FRC
HALI
ORK
SORT REAL

SET

STATEMENT LABELS
3626 ID
3661 2?
3730 120
4078 150
4146 160
4216 228
4252 241
4385 258
4358 260
4414 318
4464 319
4525 325

0 1090
2326 1115
2346 1128
2351 1360
2525 1400

0 1460
2613 1495
2735 1513

0 1525
8 1539
0 1595

3114 1650
3147 210ft
3234 2250
3304 9008
4602 9101

LOOPS LABEL
2272 1098
2342 1117
2365 1320
2454
2473 1390
2503
2543 1416

FHT
FHT
FHT
FHT
FHT
FHT NO RCFS
FHT
FHT NO REFS
FHT NO REFS
FHT NO REFS
FHT
FHT

INACTIVE

FHT

3636
3703
3760
4100
4212
4221
4264
4314
4370
4423
4450
4541
2300
2333

ft
0
0
0

2617
2743

0
3026
3062

0
3171
3264
4567

INDEX FROH-TO LENGTH
I ^9
I 117
I 138
I 190
I 191
I 195
I 207

80 2B
118 3B
142 ilB
190 iiB
194 4B
195 iiB
288 2B

20 FHT
30 FHT
130 FHT
155 FHT
210 FHT NO REFS
225 FHT NO REFS
242 FHT
252 FHT
270 FHT HO REFS
315 FHT
320 FHT NO REFS
330 FHT NO REFS
1100
1116
1150 INACTIVE
1320
1410
1465
1500
1515
1530
1540
1600
1660
2150
2300
9001 FHT

PROPERTIES
INSTACK
INSTACK

EXf REFS
LXT REFS

INSTACK
EXT REFS

INSTACK

FTN 4,8+498/320 23 NOV 7? i rj.^.25 PAGE 10

ROT

0 TAPES NAHE

3
3 
0 
3
i LIltRARY

3645
3716
4028
4122
4214
4224
4272
4345
4376
4435
4477
4555
2316

0
2347

0
2545
2573
2701

0

3807
0
0

3143
3212
3275
3307

28
110
140
158
215
230
245
254
384
318
324
340
1118
1117
1200
1396
1450
1498
1510
1520
1535
1590
1620
1690
2200
2350
9100

FMT
FHT
FHT
FMT
FHT HO REFS
FHT NO REFS
FHT
FHT
FHT
FHT
FHT
FHT

INACTIVE
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LOOPS 
2555 
2565 
2601 
2644
2671
2711
2721
2750
2752
2767
3003
3017
3022
3050
3076
3115

CONftON

LABEL 
1460 
1465

1520
1520
1525
1530
1539
1539

1620
1660

BLOCKS
10
SIZE
BEGIN
END
BLD
PLD10
INDEX
mi
CRl'

ROT
BOUND
K

INDEX FROH-TO 
J 211 217 
I 214 215 
I 219 219 
J 231 231
I
I
J
J
I
I
I
I
J
I
I
I

235
246
246
254
255
262
272
281
284
293
313
326

235
246
246
259
259
264
275
287
287
293
323
338

LENGTH 
16B 
2B 
10B 
IDS
iOK
23B
JUB
13B
10B
2B
3B
7B
2B
10B
16B
26B

PROPERTIES 
HOI INNER 

INSTACK 
EXT REFS 
EXT REFS
EXT REFS
EXT REFS NOT INNER
EXT REFS
NOT INNER

INSTACK
INSTACK
INSTACK

NOT INNER
INSTACK

EX1 REFS
EX1 REFS EXITS
EXT REFS EXITS

LENGTH
t

5
6
6
3

2048
1000

11
18
6
3

50000 LCtt

STATISTICS 
PROGRAM LENGTH 
BUFFER LENGTH 
SCN LABELED CONNON LENGTH 
LCN LABELED COHHON LENGTH 

HGOOOB SCN USED

3273B 1723
1666B ?50
6051B 3113

141520B 50800
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i SUBROUTINE! BLi)(LEN,X,NF>,kETURNS<Ri;' 
DIMENSION X(i),XIO(2),NIO(2) 
EQUIVALENCE (NIO,X!0) 

C 
5 COMHON/BLDIO/XIO

CDMMON/BLD /KPTR,LkEC,IREl 
C

LREti=LREC-i
IF(KPTR.EQ.O,OR.NF.EM>RETUKNR1 

il IHLEN.LT.DRETURN Ri 
IF(LEN.GT.LRECi)GOTO 5 
JPTR=KPTRfLEN 
IFdHR.LE.LSEOGOTO 30 

5 IE^LRtt-KPTR 
15 18 IS=i

NIO(KPTR)=LEW 
IF(IE,LT.i)GOTO Z't 

15 DO 26 I=IS,IE 
28 XIO<KPTR*I)=X(I) 

20 21 IF(LEN-IE,LE.O)GOTO 25
EALL WRIT«S(NF,XIO,LREC,1REC,«) 
IREOIREC+i 
IS=IE 
IE=LEN

25 IF(LEN-I5.GT,LREC»!L; =L^ECtI5 
IS=IS+1 
KPTR=1-IS 
GOTO 15

25 KPTR=IE+1+KPTR
38 IF(KPTR.GT,LREC)GOIO 26 

RETURN
26 CALL «RITHS(NF,X10,LREC,IREC,0>

KPTR^i 
35 RETURN

38 N10(KPTR)=LEN 
DO 46 M,LEN 

4« XIO(KPTR+1)=X(I)

40 IF(KPTR,GT.LREC)GOTO 26
RETURN
ENTRY FRC
NIO(KPTR)=-2
CALL URITNS(NF,XIO,LREC ; IREC, 

45 IREC=IREC+i
KPTR=8
RETURN
END

SYMBOLIC REFERENCE MAP (R=l)
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ENTRY POINTS
3 BLD 113 FRC

VARIABLES SN TYPE RELOCATION
146

2
143

1
142

1
1

I
IREC
JPTR
LCN
LRLCi
NIO
X

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

ARRAY
ARRAY

BLD

P.P.

BLDIO
F.P,

EXTERNALS
WITHS

TYPE ARCS
5

144
145

6
1
0
0
0

IF
IS
KPTR
LREC
NF
Rl
XIO

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
RETURNS
REAL

BLD 
BLD 
F.P.

ARRAY BLDIO

STATEMENT LABELS
32 5
I 20

72 26

LOOPS LABtL INDEX
44 20 I
105 40 I

COMMON BLOCKS 
BLDIO 
BLD

0 10
46 21

100 30

INACTIVE 37 15
65 25
0 40

LENGTH

FROM-TO 
18 19 
37 38

LENGTH 
2B

PROPERTIES 
INSTACK 
INSTACK

STATISTICS 
PROGRAM LiiNGTH 
SCH LABELED COMMON LENGTH 

iOIOOIB SCM USED

147B 
5B

103
5
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i SUBROUTINE BLD2(LEN,X / NF),RETURNS(Ri> 
DIMENSION XU>,X1G(2),NIG<2) 
LEVEL 2,X
EQUIVALENCE (NIO ; >:iO) 

5 COMMON/BL0IO/XIO
COMMON/BLD/KPTR,LREC,IR£C 

C
LRECi=LREC-i
IFWIR.EW.OU.NF.CQ.ORETURN Ri 

10 IF'LEN.LT.DRETURN Ri 
IF(LLN.GT,LRECi)GOTO ^ 
JPTR=KPTR*LEN 
IF'JW.LE.LREDGOTO 38 

5 IE=LREC-KPTR 
15 if IS=i

NIO(KPTR)=LEN 
IF(IE.LT.l)GOT02i 

15 00 20 I=IS,IE 
28 XIO(KPTR4I)=X(I) 

29 21 IF(LEN-IE.LE,I)GOTO 25
CALL WRnHS<NF,XIO,LREC ; iREC,l)

IS=IE 
IE=LLN

25 IF<:LEN-IS.GT,LREOIE=LREC+IS

KPTR^l-IS
GOTO i:

25 KPTR*IE+i+KPTR
30 IF(KPTR.GT.LREC)GOTt) 26 

RETURN
26 CALL HRITMS(NF,XIO,LREC,!REC,8>

IREC=IREC+1
KPTR=i 

35 RETURN
30 HIO(KPTR)=LEN

00 46 M,LE» 
40 XIO(KPTR+I)=X(I)

KPTR=JPTRfl 
49 IF(KPTR,GT.LREC)GOTO 26

RETURN
ENTRY FRC2
NIO(KPTR)=-2
CALL WRITMStNF^IO.LRECJREC.O) 

45 IREC*IREC+i
KPTR=«
RETURN
END

SYMBOLIC REFERENCE MAP (R=i)
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ENTRY POINTS
3 BLD2 113 FRC2

VARIABLES SN TYPE RELOCATION
146

2
143

§
142

0
1

I
IREC
JPTR
LEN
LRECi
NIO
X

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

ARRAY
ARRAY

BLD

P.P.

BLDIO
P.P.

144
145

0
1
0
§
0

IE
IS
KPTR
LREC
NF
Rl
XIO

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
RETURNS
REAL

BLD 
BLD 
F,P.

ARRAY BLD10

EXTERNALS
URITHS

STATEMENT LABELS 
32 5 
I 26 

72 26

TYPE ARCS 
5

8 10
46 21
LOG 3§

INACTIVE 37 15
6S 25
§ 40

LOOPS LABEL INDEX FROH-TO LENGTH
44 20 I 18 19 2B
195 41 I 37 38 2B

COMMON BLOCKS LENGTH
BLDIO 2
BLD 3

STATISTICS
PROGRAM LENGTH 147* 103 
SCM LABELED COMMON LENGTH 5B 5 

IGOMOB SCM USED

PROPERTIES 
INSTACK 
INSTACK
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i r _ _ _ . ., _ _ .__ _ _ _ __ _ -._-,_ _ .___. ««_« _. _ L -----.--.

SUBROUTINE ORK (LENGTH, REALK,INTGRK> 
C  - 3/25/74-  DOES HOT ZERO IK-LK 
C FINITE ELEMENT ANALYSIS BASIC LIBRARY SUBROUTINE-VERSION 2

5 cwttwiwwttwHwwittwwtwmmwmwwwwww
C THIS SUBROUTINE CREATES
C i) THE LNZ VECTOR WHICH HOLDS THE COLUHN NUMBER 
C OF THE LEADING NON-ZERO ENTRY IN EACH ROW OF 
C THE ASSEMBLED IK I MATRIX

10 C 2) THE ADDRESS COUNT VECTOR WHICH HOLDS THE ABSOLUTE 
C ADDRESS OF THE DIAGONAL ENTRY FOR EACH ROW OF THE 
C ASSEMBLED K MATRIX, MINUS THE ROW NUMBER; .4NI> 
C CHECKS THAT K FITS IN THE "DATA/ VECTOR

DIMENSION REALK<2),iNTGRK(2> 
15 C

LEVEL 2,REALK,INTGRK 
C

LOGICAL OUT
COMMON /IO/ KR, KW, KP, Kit, KT2, KT3, OUT 

20 COMMON /SIZE/ NET, NDT
COMMON /BEGIN/ ICON,IKOUNT,1LNZ,IMASTR,IQ,IK 
COMMON /END/ LCON,LKQUNT,LLNZ,LMASTf? ; LQ,LK 

C
C VERSION I' RELEASE i ., CORRECTIONS TO SE6, NOii, 68 THRU 74 (MARCH 1973) 

25 C 
C
C PRINT CONTROL

100 FORMAW9HOTHE LENGTH OF THE IDATAf VECTOR FOR THIS CASE 10,110,14 
1H WHICH EXCEEDS, I1M9H *THE MAXIMUM ALLOWED IN THE DIMENSION STAT 

30 2EMENT./39H EXECUTION TERMINATED IN SUBROUTINE ORK) 
200 FORMAT(5(4X,»ROWI,2X ) *ILNZ*,2X > *ADR. DIAG,*,iX)) 
300 FORMAT(5(1X,2I6,I10,3X)) 
400 FORMATdOHOTHERE ARE,IiO,68H NON-ZERO ENTRIES IN IN. IF IKl WERE

1FULLY POPULATED THERE WOULD BE, 110, 9H ENTRIES. ,/,20X,iSHTHE 
35 2TY IS ,E1S,6) 

ILNZM1=ILNZ-1 
IMSTMl=IMASTR-t 
IKOUMi=IKOUNT-i 
NETMi=NET-i 

40 IMSTPi=IHASTR<i
C SET EACH LNZ COLUMN NO = ROW NO (DIAGONAL MATRIX) 

DO 30 IROW=i,NDT

30 INTGRK(MSUB):IROW
45 C EXAMINE MASTER ASSEMBLY LIST, ONE ELEMENT AT A TIME, TO CREATE 

C THE LNZ VECTOR
DO 20 LNUM=i,NET
MADDR = IMSTMULNUM
MADDR = INTGRK(MADDR) i 

50 C CALCULATE NO. DOF IN THE ELEMENT BY DIFFERENCING POINTERS, OR .
I = IMASTR+LNUM
IF(LNUM,EQ,NET) GO TO 3
NDE = INTGRKUHNTGRKU-i)
GO TO 1 

55 C . , , BEGIN BY ASSUMING THE LIST IS FILLED, FOR LAST ELEMENT



SUBROUTINE ORK 76/76 OPT=2 FTN *,8+498/321 23 NOV 79 15,58.25 PAGE

3 NDL -- LHASTR~INTGRKU-iW 
C INITIALIZE SMALLEST DOF NO. AT LARGEST POSSIBLE VALUE
4 ISMALL=NDT 

C FIND SMALLEST MASTR NUMBER FOR THIS ELEMENT
60 DO 5 JDOF=i,NDE

INDEX=MADDR+JDQF
IFUNIGRK(INDEX).GT.ISMALL) GO TO 5

C DISCONTINUE SEARCH IF A ZERO IS FOUND, INDICATING EXCESS STORAGE 
C AND PREMATURE END OF LIST fOR LAST ELEMENT

61 IF'INTGRKnNDEX).E8,(l) 10 TO 6 
ISMALL^INTGRK(IMEX)

5 CONTINUE 
C FIND COLUMN NUMBER OF LEADING NON-ZERO ENTRY IN ROW
6 DO II JDOF=1,NDE 

70 INDEX*MADDR+JDOF
C DISCONTINUE OPERATION IF EXCESS STORAGE IS DISCOVERED 

IFUNTGRKdNDEXKEM) GO 10 21 
INDEX^lLNZMl+INTGRKUNM'

C CHANGE LNZ COL NO ONLY IF NEW ONE IS LESS THAN OLD ONL 
75 IF(INDEX.GT,LENGTH)WRITE(KW,iOO)INDEX 

IFUNTGRKUNDEXUT.iSMALL) GO TO 13 
INTGRKUND£X)=ISMALL 

C
II CONTINUE 

80 20 CONTINUE
C CREATE ADDRESS COUNT VECTOR 

INTGKKUKOUNT) = IK 
INDEX^IKOUNT 
DO 40 IROW=2,NDT 

85 I = ILNZMi+IROH
INTGRKUNDEX+i) = JNTGRKUNDEXMRQW+i-INTGRKU) 

41 INDEX*INDEX+i
C ADDRESS COUNT VECTOR NOW CONTAINS ABSOLUTE ADDRESS ONLY FOR THE 
C DIAGONAL ENTRIES, AND THUS INTGRK(LKOUNT) = LK EXACTLY 

90 IF (INTGRK(LKOUNT) ,LE, LENGTH) GO TO SO 
WRITE (K«,100) INTGM(LKOUNT), LENGTH 
STOP

50 LK = INTGRK(LKOUNT) 
!F<OUT)WRITE(KW,200} 

95 !F<OUT)HRITE(K«,300)UROH,INTGRK(ILNZMi+IROW).,

DO 60 IROW*i,NDT 
J - IKOUM1+IROU

C REPLACE THE ABS. ADDRESS OF DIAG, BY (ADS, ADDRESS ROW NO,) 
100 INTGRKU) = INTGRK(J)-IROU 

61 CONTINUE
NENTRY = INTCRK(LKOUNT)+NDT-IK+i 
INDEX = (N»T*(NDT+i))/2 
DENS - FLOAT(NENTRY)/FLOAT(INDEX) 

105 WRITE <KU>400) NENTRY, INDEX, DENS
WRITE(KW,410)LX

410 FORMATS END OF K MATRIX  LK=t,IiO) 
RETURN 
END
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SYHBOLIC REFERENCE HAP <R=i)

ENTRY POINTS 
3 ORK

VARIABLES
347

0
331

?
3

333
0

334
345
2
3
5
0
5
2

336
337
341
346
332

0

INLINE

DENS
ICON
IKOUH1
1LN2
IrtASTR
IHSTPi
1NTGRK
IROW
J
KP
KTi
KT3
LCON
LK
LLNZ
LHUH
HADDR
NDE
NENTRY
NETH1
RtALK

SN TYPE RELOCATION
REAL
INTEGER BEGIN
INTEGER
INTEGER BEGIN
INTEGER BEGIN
INTEGER
INTEGER ARRAY F.P.
INTEGER
INTEGER
INTEGER 10
INTEGER 10
INTEGER 10
INTEGER END
INTEGER END
INTEGER END
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL ARRAY F.P.

340
5
i

327
330
344

4
342
343

0
4
i
0
i
3
4

335
i
0
6

I
IK
IKOUNT
ILNZH1
IHSTHi
INDEX
IQ
ISMALL
JDOF
KR
KT2
KW
LENGTH
LKOUNT
LHAS1R
L«
HSUB
HDT
NET
OUT

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
LOGICAL

FUNCTIONS TYPE ARCS
FLOAT REAL 1 INTRIN

STATEMENT LABELS
3n

54
0
0

241

LOOPS
16
25
50
57
112
145
166

COHNON

3
6
30
60
300

LABEL
30
20
5
16
46

60

BLOCKS
10
SIZE
BEGIN
END

43
72
0

210
FHT 244

INDEX FftOH-TO LENGTH
IROW 42 44 3B
LNUH 47 80 57B
JDOF 66 67 4B
JDOF 69 79 17B
im 84 87 4B
IROW 95 95 14B
IROW 97 101 3B

LENGTH
7
2
6
6

4
10
40
100 FHT
400 FHT

PROPERTIES
INSTACK

INSTACK

INSTACK

INSTACK

EXT REPS
EXITS

EXT REFS

EXT REFS

NOT INNER

EXITS

BEGIN 
BEGIN

BEGIN

10 
10 
10 
F.P, 

END 
END 
END

SIZE 
SIZE 
10

53 5
76 20
127 50
233 200
321 410

FHT 
FHT
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STATISTICS 
PROGRAM LENGTH 
SCH LABLLIID COHHQN LENGTH 

iflOIIIB SCH USED

356B 
25B

238
21

FTN 4,8*498/320 23 NOV 79 15.58,25 PAGE
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i SUBROUTINE SETUP (LENGTH, NCON, MASTRL,REALK,INTGRK>
ctmtmmmtmtmttmttmtmmmtmmtttmmtmttmmt
C FINITL ILEHENT ANALYSIS BASIC LIBRARY SUBROUTINE-VERSION 2
cmmsmtmtmtsmmttmmmmmmstmmmmmmttm

5 DIMENSION REALK(2),INTGRK(2) 
DIMENSION 11(6), LI<6>, KD<6> 

C
LEVEL 2,REALK,I*TGRK 

C
ifl COMMON /IO/ KR, KM, KP, KTi, KT2, KT3 

COMMON /SIZE/ NET, NDT 
COMMON /BEGIN/ ICON,IKOUNT,ILNZ,IHAS7K,IQ,IK 
COMMON /END/ LCON,LKOUNT,LLNZ,LHASTR,LQ,LK 

C 
15 C VERSION 2 RELEASE 1 AUGUST 1972

EQUIVALENCE <ICON,II(i)), aCON,LIii)>, (KR,KD(D) 
C 
C PRINT CONTROL

901 FORMAT (iH0,S3X,iiHSETUP ENTRY,/,42X,35H!ISER SPECIFICATIONS TO FEA 
28 1BL SYSTEM,/, iH0,$iX,16HI/0 DEVICE CODES, /,27X,6HREADER,SX,7HPRINTE 

2R,2X,iflHCARD PUlCH,:%5HTAPEi,7X,5HTAPE2,7X ; SHTAPE3,/,2iX,6<2X,IiO 
3) / / > lHO,53X,12HPROBLEM SIZE,/,42X ; 25HTOTAL NUMBER Of ELEMENTS=,I10 
4,/ / 42X > 25HTOTAL DEGREES OF FREEDOM= / Iifl / / / iH8,5iX ; 16H£NTRY PARAMET 
5ERS > /,39X > 32HASSUME» LENGTH OF /DATA/ VECTOR-,1 18 > /,32X,45HNUMBER 

25 60F DISPLACEMENT CONSTRAINTS REQUESTED, 1 10 ; /,33X,44HNUMBER OF WWD 
7S REQUESTED FOR ASSEMBLY LlST=,ll§)

912 FORMAT aH8 ; 43X,3iH/DATA/ VECTOR ADDRESS INDEX MAP/X^SX^iHCONSTR 
1AINTS,2X,HHDG ABS ADft,lX,HHLN2E COL NO,iX,iiHASHBLY LI5T ; 2X ; 10HQ 
2/U VECTOR^X^ MATRIX,/,i6X / 5HBEGIN ; 6(2X > I10) / / / i9X / 3HEND,5(2X,I 

30 3iO),iiX,iHV,iH8,36H4 IK IS CALCULATED BY SUBROUTINE QRK)
913 FORMAT (49H8STORAGE EXCEEDS LENGTH OF /DATA/ VECTOR,/, IX, 34HLENGTH 

1 SUGGESTED FOR THIS PROBLEM*, I 12 ,6H WORDS,/, IX ,48HEXECUTION TERMIN 
2ATED IN SUBROUTINE SETUP)

c mummtmmmitmttmmttmmtmtmimmmmmm*
35 C REMOVE THIS FORMAT AND WRITE STATEMENT INDICATED BELOW IF KEABL 

C HEADING IS NOT DESIRED
c tmmmmmmmmtmmmmmmmmmtmttmmmtt
C PRINT LNTRY MESSAGE
c mmmmmfmummmimmsmtmmmmtmtmmttm

49 C REMOVE THIS WRITE STATEMENT IF FEABL HEADING IS NOT DESIRED
c mttmmwmmtmmmtmmmmmmmmmmttmmt

WRITE (K«,9«i) (KD(1), I = 1,6), NET, NDT, LENGTH, NCON, MASTRL 
C CALCULATE ADDRESS INDEX VALUES

ICON = 1 
45 LCON = NCON

IKOUNT = LCON^l
LKOUNT = LCON^NDT
ILNZ = LKOUNTM
LLNZ = LKOUNT^NDT 

50 IMASTR = LLNZM
LMASTR = LLNZ*MASTRL
IQ = LMASTRfl
LQ = LMASTR^NDT
IK * LQ+i 

55 C PRINT INDEX MAP
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71

75

WRITE <W,9»2) (II(I), I = 1,6), (LKI), I = 1,5) 
C STORAGE HOUNDS TEST

IF (LMASTR ,LE. LENGTH) GO TO i
C STORAGE EXCEEDED - ESTIMATE REQUIRED LENGTH BASED ON LOWER TRIANGLE 
C ESTIMATED POPULATION FACTOR

TR = (NDTt(NDTfi))/2
DENS * 9,5
IF (NDT .GT, 200) DENS=fl.3
IF (NDT .GT. 518) DENS=8.2
IF (NDT .GT. 1508) DENS * 0,15
IF (NDT .CT. 2800) DENS = 0,11
TR = TRIDENS
LENGTH = LQ+TR
WRITE (KW,903) LENG1H
STOP 

C ENOUGH STORAGE EXISTS TO GO THRU ORK
1 DO 2 I = ICON,LCON
2 INTGRK(I) * 0 
RETURN 
END

SYMBOLIC REFERENCE NAP (R=i)

ENTRY 
3
POINTS 
SETUP

VARIABLES SN TYPE
246

0
5
2
0
8
t
4
1
6
5
2
4
0
6

245

DENS
ICON
IK
ILNZ
INTGRK
KD
KR
KT2
KH
LENGTH
LK
LLN2
L6
NCON
NET
TR

REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

RELOCATION

BEGIN
BEGIN
BEGIN

ARRAY F.P.
ARRAY 10

10
10
10
F,P.

END
END
END
F.P,

SIZE

244
0
1
3
4
2
3
5
0
0
1
3
0
i
1

I
II
IKOUNT
IMASTR
10
KP
KTi
KT3
LCON
LI
LKOUNT
LMASTR
HASTRL
NDT
REALK

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

ARRAY BEGIN
BEGIN
BEGIN
BEGIN
10
10
10
END

ARRAY END
END
END
F.P,
SIZE

ARRAY F,P,

STATEMENT LABELS 
61 1 
145 912 FMT

LOOPS LABEL INDEX 
65 2 I

FROH-TO 
7273

6 2
174 903 FHT

LENGTH 
2B

IWERTIES 
INSTACK

70 9ti FMT



SUBROUTINE SETUP 76/76 OP1=2

CQHHON BLOCKS 
ID
size
BEGIN 
END

LENGTH 
6 
2 
6
6

STATISTICS 
PROGRAH LENGTH 
SCH LABELED COHHON LENGTH 

iOOODOB SCN USED

247B 
24B

167

FTN 4,8M9C/320 23 NOV 7? IS.58.25 PAGE
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10

IS

20

SUBROUTINE IDRDCD2<tt,!ARRAY,IROW,NROW) 
C ORDERS ARRAY ACCORDING TO INDEX IROU IN AN ARRAY
C IARRAY(IROW,*) 
C

DIMENSION IARRAY(NROU,N) 
C

LEVEL 2,IARRAY 
C

LOGICAL AGAIN 
C

188 At A IN-, FALSE,
1=1

2 1HI.GT,LA5T)GOT021 
IFaA«RAY(IROW,Hi)-IARRAY(IROM,I))4, 16,20

4 DO 6 J=i,NROW
IX1=IARRAY(J,I)
I«RAY(J ; I)=IAWAY(J,I+i) 

6 IARRAY(J,H1)=IX1
GOTO 19

25

16 IXi=M
IFaXi.GT.LASDGOTQ 118 
DO 18 II=IXi,LAST 
DO 18 J=1 ; NROU

18

30

35

LAST=LAST-i

19 ACAIN=.TRUE.
20 CONTINUE 

I«I+1 
GOTO 2

21 CONTINUE 
IF(AGAIN)GOIO 1 
RETURN 
END

SYMBOLIC REFERENCE HAP (R=i)

ENTRY POINTS 
3 IORDC02

VARIABLES SN TYPE RELOCATION 
121 AGAIN LOGICAL

0 IARRAY INTEGER ARRAY F,P.
0 1ROU INTEGER F.P. 

124 J INTEGER
0 N INTEGER F.P,

123 I
126 II
125 1X1
122 LAST

0 NROU

INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER F,P.
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STATEHtNT LABELS
15
8

73
e

LOOPS
42
56
62

1
6
19
100

LADEL
6
18
18

INACTIVE

INDEX FROH-
J
II
J

17
2S
26

-TO
20
27
27

26
45
74
70

LENGTH
3B

12B
2B

2
16
20
lie

PROPERTIES
INSTACK

INSTACK

0 4
0 18

164 21

INACTIVE

STATISTIC: 
PROGRAH LCNGTH

16I000B SCM USED
135B 93

NOT INNER

^BOTTOH OF FILC
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APPENDIX C.2 
C STAbiir ASSEMBLE FOR EACH TIME AND SOLVL C.2- 1

C
 : c win *R - DATA

C UNIT li - KTi - WORkilLC
C UNIT ?2   kT2 OLI- SOLUTION FILE
C .HIT i3 - KT3 rO SOLUTION FILE
C UNIT 20 - SCRATCH 

ifl C
C NOTE" LCNTH2 SET TO f-OOL LLNGTH IN fcTAGC:
CMWIfiENSION OF REALK MUST BE GREAfER Hirt" IK FROM
C
C 0IHEN5ION DUH ,CT. NDT 

15 C 1'IHEHSION IADR .GT. W
C NOTE: FOR INTERNAL DOIWMRIES, EXTRA DOF OF THE ADJACENT NOBC
C HL'ST BE ADDED
C

20 PINENSKMHFBCQM 4,166'
DIMENSION WWT<2tfl),Sh(30« », FV(t0fl  ,[: ::. 8> , 
['IHLNS10N TITLE(21») / Ir!TGRK(2) 
tQUIl'ALENt'E (REALK (1  ' ,1NTGRK<D)

C IF PROBLth GREATER THAN i3iK TOTAL, -     - -     - - 
25 C REMOVE FOLLOWING EQUIVALENCE STATEMENT &Y ADDING COMMENT C,

C SET TKOIKTRUE., AND REMOVE COMMENT C TRO-1 DIMENSION STATEMENT 
LQU1VALENCE (REALK ( REALKK) 

OH REALK '.2.-

3!) INTEGER RBEGIN,REND,RMAX,RMIN t ENTRY
LOGICAL GRAV,GRAVS,GR(!iVB,OLD50L,DI3F
LOGICAL LOAD,OUT,rOUGi ( DEBUG2 1 OLDWRK ,GrtALT,,SING
LOGICAL A6AW > CREEP,AXISYM,DISK,:7P.ACi ,'"II1,TWOK
DIMENSION DUM(i),lDUM(50CO.) 

35 EQUIVALENCE (»UM(i),IDUM(l))
EQUIVALENCE (FBCOf!< 1 , i ) , IFBCON( i , i ) >
DIMENSION TEMPi4) 

C
LEVEL 2>REALKK

40 LEVEL 2.REALK,INTGRK 
C

COMMIJN/BREAD/NFX,LREC.R,KEYXi20) ; LEN>:^0),KlX(20;
tOhHON/BREADIO/XIOBR(2048)
COMMON/BLMPTR,LREC,I»{EL 

45 COMMON/BLDIO/XIO«R(2048)
COMMON/INDEX/INDEXi(ifl<yO),INDEX2(i.OS) ; INDEX3(iOflfl)JNDEXK(iOOI))
LOMMON/BADR/IADR\5ffOO) 

C
COMHON/KK /REALKK<i3HI«0)

SO C IF TWK=. FALSE., REMOVE COMMON/K/ BY ADDING COMMENT C- -  
C COMMON/K/REALKdSOflO)

C
CO«HON/IO/KR,KH,KP,Kri ( KT2 ; KT3 ( OUT,0EBUGi,DEBUG2 

55 COMMON/SIZE/NET,NDT ..NETNEW.NDTNEW.lNODNy
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COHHON/PEGIN/ICON , !<:DUNT , ILNZ , IrtASTR , !fi, 1*
CGMHON/END/LCO^LKOUNT^LLNZ ,L«ASTR ,L8,Li<
COMHGN/PROB/HASHi ,OLDW(K , LENGTH ,GRAV,GRA«-'S ,GRAVB,GHALT ,NFLf ,NLAP, 

i rra.!)lSP,NECON,NICON
LGH«ON/GRy/NGRAV,RHOF,i>RHO<4) ,XF<8) ,NODG'.4)
CONHON/RDT/IRW , JROH , KROW , ZANGLE , YANG'1 , XANGLE
COHMON/BOUND/NBON,TIHE,I'P
CQUi VALENCE (TIHE,ITIrtC)
COhHON.jKEY/LEH^ErTHhKEYRLi ,KEYLLQ, hi r! RB,K£'YTL , KEYEL ft T'ROT , 

i KEYtCO,KEYICO
COMON /SHIFT/ KUKIY.IfLEN.KBEGIH.FEW.KHIN.KHHX.RfcEGiN.rfEND, 

i KUFF .DISK ,SPACt, FILL, NUHRO« ; ENTRY 
C
c

DA f A LOAD/ .FALSE . / , SING/ . FAL SE . / , ICI'UC 1 . ' . FALSE , /' , iOb'GJ. , FALSE . / 
DATA MUrtROW/20/ , KUNi F.'i 3/ . KOFF/0/ , SPAC E . TftUF . / , DlSk / FALSL , / 
I'ATft REND/0/ .KBEGIN/i.
DAM TCHP/«,.e. ; (i. / i) /.THK/lJ/,PPST/i.C-b/,OLDSOL/ FA'JC,/ 
DAT« ENTRY/1/, KOff/9-.AXISYH/, FALSE . FILL/ FALSL.'

hLLl ST/IN/NET , NB T ,, 'JLi'^Rk , NDIH , GHAL i , GKAl-' , bKAVb , GRA'-'S , OlDSOL , THK ,

C SET TO LENGTH OF REAUto AND SET TWOK=.TPUL, IF POTH REAH-. 
C AND REALM USED     --      -  . --..  

LENTHK=i31000
TW)K=. FALSE.

r _ .. . .. __ _ _ _ __ . . _ .. _ __ _ _ _ . . ......... _.. _ .. . _t       

L

c
C READ IITLL FROM MOFlKFILE 

90 C
READ(5,IOK) 
yRITE(6,IOK)

OPENHS(KTi ) M'EXi,i90B f d.' 
75 CALL OPENHS(KT2,INDEX2, 1600,0) 

CALL OPENHS(KT3,INDEX3,H)1H / II) 
CALL BREAD(KEYTHP,lEH,TIfLE,KTl),RETUI?NS{?8§l) 

C 
C 

100 KEYT«P=I
CALL »READ(KEYTHP ; LEN,»UH,KTi),RETUR«5«980l) 

285 CONTINUE 
C
C READ HORkFILE 

105 C

210 CALL MADtKEVThr',LLN,NLT,KTi>,flL'MfL'?f»00.) 
r:EYT«P=» 
CALL BftEA0(KEYTHP,LEK,ICON ; KTi) / RETl)Rffi':90§§)
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CALL BREAD(KEYTHP,L£N,LCON,KTl),RETUi;:N5<?0!!l))
KEYTNF-8
CALL BREAD<KEYTNP,LEN.HASHi,KTi),RETURNS(9000>
KEYTHF-0 

US CALL BREAD2(KEYTHP,LEN .REALM i),mUL: TURN5<90{){} /
KEYRLi=KEYT«P
KEYTHP-&
CALL BREAD2(KEYTh^LLN.REALK(IQ),KTi).l RETURNS(?!)flO)
KEYLLQ=KEYTHP 

120 C
C WRITE 1ITLE AND COHPUTrtTION 
C

READER, IN)

125 HeiTE'UIIMTITLEd), 1=1,20), NNLAP
ifl ?ORHAT\iHi,20AV/,iX,i4,t LAPLACE REDUCED TIHESI)

IS FOR 
130 HLAP=NNLAP

WRITE(KH,IN)
C IF NOT SUFFICIENT SPACE IN REALK FOR K, SET UP FOR SHIFT 
C REALKK TOR K MATRIX, IKOUNT CHANGED TOR m IK

135 C USE IF 1HOK=,TRUE. ----- . 
iF(.NOT.TMOK)GOTO 282 
DO 281' MKOUNT,LKOUnT 
INTGRK(I)=INTGRK':].'-lKi 

280 CONTINUE
140 LK=LK-!Ki

282 CONTINUE
£.._..     ......             .._..

145 KLEN=LENTHK-IK
C £NTRY*0 USES FACTSD/jIHULQ
C ENTRY. GT.8 USES 'JIMULQ2

IF«KLEK.GE,(LK-iK»i))GOTO 336 
150 SPACE*, FALSE,

CALL OPEWS<KIMT,IM)EXK,l«l8,e) 
330 CONTINUE 

C
C IF OLD5QL, SCAM BEGINNING 

155 ir(.NOT.OLDSOL) GO TO 1100 
C
1008 CONTINUE 

KEYTHP-0
CALL MAD(KEYTHP,LENJ'l'«,KT2) / RETURNS':y(i§0) 

169 KEYT«P=0
CALL BREAD(KEYTMP / L£N,DUH,KT2),RETURNG':')OOD) 
IF(i)UM(i),Efl.HASHi,AND. LENGTH. LE.LCNTH2) GO TO i8iO 
WRITC«6,28) DUHCi/ .HASH1, LENGTH, LCNTH2 

20 rO«toT(iHi,*"  ~ -ERROR-  -'--HASH!**, StSX^B),/, 
165 i t LEWGTH/LEHTH2=l,2!iO)
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C 2 - ^
IFt,NOT,SPACE)GOTO 911 
DO ?10 I=IK,LK 
REALKKU)=0. 

710 CONTINUE 
225 GOTO 919

911 DO 9l2 I=IK,LENTHK
912 REALM U)=8. 

DISK=.FALSE, 
REND=0 

230 RBCGIN=1
KOFF-0

919 CONTINUE 
DO 920 I=IQ>LQ 
REALK(I)=0.

235 920 CONTINUE 
C 
C IF OLDSOL, SCAN FOR 'STARTING POINT

IF(.NOT.OLDSOL) GO TO 1200 
C 

248 1120 CONTINUE
IF(LJ,GT,NLAPO)GOTO 1208 
IFiTL/W> (L).LE.TLAPO(LJ))GOTO 1280 

1125 CONTINUE
IF(LJ.GT.NLAPO) GO TO 1288 

245 DO 1138 N=i,NET 
KEYTMP=8
CALL BREAD(KEYTHP,LEN,DUM,KT2),RETIM;<?000) 
CALL BLD<LEN,DUM,KT3),RETURNS<9000) 

1130 CONTINUE
250 1135 CONTINUE 

KEYTHP=0
CALL BREAD(KEYTNP,LEN,DUM,KT2),RETURNS(?I!00) 
CALL BLD(LEN; DUM ) KT3) ; RETURNS(9808) 
IFaEN.Efl.DGOTO 1148 

255 GOTO 1135 
lilllllf 1140 CONTINUE

NFLMDUMd) 
LMJ'l
IF(L,GT.NLAP)GOTO 112S 

260 GO TO 1120 
C
C GENERATE AND ASSEMBLE STIFFNESS MATRIX 
C
1200 CONTINUE

265 IF(L.GT.NLAP)GOTO 0010 
DO 1298 LL*i,NET 
KEYTHP=0
IF(L.GT,i.AND,LL.EQ,i)KEYTMP=KEYEL 
CALL BREAD

270 IF(L.Efl.i.AND.LL.EQ.i)KEYEL=KEYTMP 
LNUMsJDUM(l) 
LNOD=IDUM(2)

DO 1210 >i,LNOD 
275 i)0 1210 1=1,1
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CDGRDU,J)*DU«(JJ> 
1218 CONTINUE

238 KC=IDUH(JJ)
DO 1215 1=1, KC

CC(I)=DUH(JJ) 
1215 CONTINUE 

285 JJsJM
RHO=DUH(JJ)

YGRV=DU«(JJ) 
JJ'JJH 

290 NGRAVS-IDUH(JJ)
IF(NGRAVS.E6.0)GOTO 1225 
J>0 122ft I»i ; W»AVG

JWKm=IWH<JJ-i) 
295 ORHO(I)=DUM(JJ) 

1220 CONTINUE 
1225 CONTINUE

IF(.NOT,LOAD)GOTO 1227

300 NBON*!DUH(JJ)
IF(NBON.EQ.fl)GOTO 1227 
DO 1226 1=1, WON 
JMJii 
IFBCON(1,I)=I»UH(JJ)

305 m 1226 J»i,»IM

1226 CONTINUE
1227 CONTINUE 

310 NROT*0
CALL CMAT(KC,CC > C > TLAP,L) 

C

25 FORHAT(1X,I5,1P10E11,3) 
31S C

DO 1228 J=1,IDOF 
1228 FV(J)=§.

IF(LOAD.AND.NBON,NEJ)CALL LOADN(LNUh,HBON ; COORD > THK/BCON > FV ) KU > 
320 1 OUT)

IF(AXISYH.AND.LNOD.EQ.4)GOTO 1234
GOTO (129S,129S / i230,i235,1295,i295,1295,1231),LNOD 

1235 CONTINUE
CALL 9UAD4(COORD,THK ; TEHP >C,NROT / NOD,ANGLE > FV > SH / BHAT i LNUH,K«, 

325 i OUT,GRAVB,RHO,rGRV)
LEN=24
GOTO 1280 

1234 CALL eUAX4<COORD > i, > l 1 ,l,,0, ; CJEHP,NROT,NO»,ANGLE > FV / SM,

330 LEN=32
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C2-1
GOTO 1288

1231 CALL HL'X8<CQORD,C,NROT,NOD,ZANGLE,YANGLE,XANGLE, 
i SH,BHAT,DUH) 
LEN=i50 

335 GOTO 1288
1238 CALL TR1N3(COORDJHK ; C > NROT,NOD > ANGLE > FM,SH,BHAT ; LNUH > KU > 

1 OUT,GRAVB,RHO,YGRV) 
LEN=iO

1288 CONTINUE 
348 IF(GRAV)CALL GRF

IF(GRAVS,AND,NGRAVS,NEJ)CALL GRSUNUH ( NGRAV
1 m

CALL BLD<LEN,BHAT,KT3) ,RETURNS(988fl> 
CALL AS«LTVaNUM,IW}f,SH > FV,REALK ; INTGRK) 

345 1299 CONTINUE 
GOTO 1308

1295 «RITC(K« > 23)LNUH,LNOD 
23 FORHAW -  ABORT IN EL GEN,   LNUH/LNQD*,I6)

STOP 
358 C

C ROTATE NODES - SPECIFY IN DEGREES 
C
1386 CONTINUE 

KEYTMP=8
355 CALL BREAD<KEYTHP,LEN,IDUH,KTi),RETURNS<9808) 

KEYROT=KEYTHP 
NfiOT'IDUN(l) 
IDROT=IDUM(2) 
IF(NROT.EQ,8)GOTO 1480 

360 DO 1390 N*1,NROT

CALL B«EA»(KEYTHP,LL"N,IROW,KTi) / RETURNS(9888) 
CALL ROTATEtN^ROW^ROU.KROW^ZANGLEJANGLE^XAHGLE.REALKJNTGRK) 

1398 CONTINUE
365 1488 CONTINUE 

C
C BOUNDARY CONDITIONS - SPECIFY IN ICON,LCON       -  --   
C EXTERNAL 
C 

378 KEYTNP=8
CALL BREAD<KEYTlff,LEN,FBCON,KTi),RET!JRNSW80> 
KEYECO=KEYTHP 
NECON=LEN/4 
NUH=0 

375 DO 1450 M,NECON

ITIHE=IFBCON<4,I) 
DP=FBCON(3,I)

388 IFiITIHE,EQ,4,OR,ITIHE,EQ,5)GOTO 1430

INTGRK(ICON-1+NUH)=NBON
IF(IT1HE,EQ,1,OR.ITIHE,EQ.3)CALL BTIHCa,FBCON,IFBCON, 

1 REALM1458) 
385 REALK(I«hl+NBON)=DP
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ez . -y
GOTO 1450 

1430 CONTINUE
IF';.NOT,SPACE.AND.(NBON.LT,RBEGIN,OR.NSON.GT.REND» 

i CALL SHIFT(REALKUNTGRK,NBON,NBON) 
390 N=IKQUNT-i+NBON

N=INTGRK<NHNBON-KOFF 
IF(ITIHE,EB,4)REALKK(N)=REALKK<N)+DPGRAV 
IF(ITI«E,EQ,5)REALKK(N)=REALKK(N)*DPtIfPGRAV 

1450 CONTINUE
395 NECON=NW! 

C 
C
C INTERNAL 
C 

400 KEYTHP=0
CALL BREAD(KEYTHP / LEN / FBCON,KTi),R£TURN5(90flfl) 
KEYIOMEYTHP 
NICDN=LEN/4
IF(NICON.LE.I) GO TO 1560 

405 C
C WRITE IADR VECTOR FOR CONSTRAINT DOF 

IF(L,NC.i)GO'fO 15SS 
DO 1520 1=1, NDT 

1520 IADR(I)=0
410 DO 1522 I=i,NICON 

N=IFBCON(2,I)
IF(IFBCON(4,I).GE,iO)GOTO 1522 
IADR(N)=I 

1522 CONTINUE
415 1550 CONTINUE 

C
DP=TLAP(L) 
TIHE=I?LAX
CALL BCONINdFBCON^UH.REALKJNTGRK.NROU.HROW,!. ,1. ) 

420 1560 CONTINUE 
C
C APPLY BOUNDARY CONDITIONS 
C

CALL BCON(REALK,INTGRK) 
425 C 

C
C FORCES 
C
1570 CONTINUE 

430 KEYTMP=0
CALL BREAD(KEYTHP,LEN,NBON,KTi),RETURNS<9000) 
IF(LEN,EB,i)GOTO 1530 
IF(ITIHE,EQ,2) CALL QTIHC

435 GOTO 1570 
1566 CONTINUE

C
C SAVE Q/U FOR SOLVE AND WRITE
C 

440 CALL BREAD(KEYLLe,LEN,DUH,KTl) > RETURNS(90flfl)
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CALL BWRITE2(KEYLLfl,LEM&i-KUQ),KTi),RETURNS(9000) 
WRITE(6,30) 

31 FORNATU DISPLACEHENT/FORCE VECTOR -    -            -   I)
IF(OUT>HRITE(6,3i>(REALKd),I=IQ,LQ) 

445 31 FQRMATdH ,iPHEii.3) 
C 
C FACTOR MATRIX  - -     --  - - 

IF(ENTRY,GT,0)GOTO ii.03 
C 

450 IF(SING)GOTO 1600
CALL FACTPD(REALKJNTGRK) 
GOTO 1610 

1610 CALL FACTSD<REALK,J(NTGRK)
GOTO 1610

455 1608 ENTRY=i 
1610 CONTINUE 

C 
C LOOP W SOLUTIONS          - . ..  .
C IFBCON(4,I) = 0 -SET BY INVERSION TO UNIT VALUE 

460 C 1 - SET BY FTIHE WITH INVERSION
C 2 - NOT INCLUDED IN INVERSION -SET BY INPUT VALUE
c USE FOR DISPLACE  SOLUTION
C 3 - NOT INCLUDED IN INVERSION - SET BY FTIHE 
C 4 - INVERT DISP,, THEN FTIHE FOR CREEP 

465 C 10 - STRESS INVERSION 
C

NSOL=fl
IF(DISP)GOTO 2000 
IF(NICON.LE.O)GOT02000 

470 CREEP', FALSE. 
AGAIN:. FALSE. 

1620 DO 1690 I=i>NICON 
ITIHE=1FBCON(4,I)
IF(ITI«E.E«,2,OR.ITIME.Efl.3) GO TO 1600 

475 IFdTI«E.E8.4)CREEP=,TRUE, 
JJ=IFBCON(2,I) 
IF(AGAIN)GOTO 1660 

»
C  -UNIT STRESS INVERSION 

480 IFdTIHE.Efl.iO)CALL SOLVE2d,FBCON,IFBCON,REALK,INTGRK,DPST,
1 .TRUE.,DUH,IDUH),RETURNS<1670,9000) 

C    UNIT CREEP
IFdTIHE.Efi.DCALL SOLVE2d l FBCON,IF&CON / REALK,INTGRK, 

1 FTI«E(TLAP(L) ; FBCON(3 ; I),IROW) ; .FflLSL'. ; DUrt ; IDUM), 
485 2 RETURNS(1670 ; 9000) 

C- UNIT DISP. INVERSION
IFdTIHE.EQ.O)CALL SOLVE2d / FBCON,IFBCON > REALK,INTGRK / i, / , FALSE.,

1 DUMDUH),RETURNS<1670,9000>
IF(ITIME.EQ.4)CALL SOLVE2(I,FBCON,1FBCON,REALK / WTCRK,1. > . FALSE,, 

490 1 DUM,IDUH),RETURNSd670,9000) 
C   CREEP PLUS DISP, 

1660 IF(IT1HE.EQ,4)CALL SOLVE^d/BCON^FBCON^EALK^NTGRK,
1 FTIHECTLAPtD/BCONtS,!),^!*),. FALSE, ,PU«,1DUH),
2 RETURNSd670,9000) 

495 READC20)
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C 2. - 1C 
GOTO 1681) 

1670 CONTINUE
NSOL=NSOL+i 

1686 CONTINUE 
51)8 1690 CONTINUE

IF(AGA1N)GOTO 3000 
IF(CREEP)AGAIN=.TRUE. 
REWIND 20 
IF(AGA1N)GOTO 1620 

505 GO TO 31)00 
C
C NORMAL DISPLACEMENT SOLUTION 
201)0 CONTINUE

NSOL=i 
510 CALL SOLVE2<I,FBCON,IFBCON,REALK,INTGRK,i.,.FALSE.,

1 BUM,IDUM),RETURNS(3000,9000) 
3000 CONTINUE

MR1TE<6,40)NSOL,L,TLAP(L>
48 FORMAT(t =>=>=>*,I4,t SOLUTIONS FOR REDUCED TIN£M,14,* COMPLETED 

515 1USING TLAP=*,iP£ii.4) 
NFLMSOL
CALL BLD(i,NFLT,KT3),RETURNS(9000) 

C
8100 CONTINUE

520 IROLDSOL,AND.LJ.LE.NLAPO)GOTO 1125 
8010 CONTINUE 

LEN*NICON*4 
IF(LEN.tfl.O)LEN=l
CALL BLD(LEN,IFBCON,KT3),RETURNS(90Gfl) 

525 CALL m(9 t Q tm)
WR!TE(6,45)NLAP

45 FORMAl(iX,///,»   - STAGE2 COMPLETED   M4,t REDUCED Tl 
1MES«) 
STOP 

530 9000 CONTINUE
HRIT£(&,SO)LEN,KEYTHP

50 FORMAKt    ERROR   IN DREAD--*,2I8) 
STOP 
END

CARD m, SEVERITY DETAILS DIAGNOSIS OF PROBLEM

534 I 216 NON-INNER LOOP BEGINNING AT THIS CARD IS ENTERED FROM OUTSIDE ITS RANGE.

SYMBOLIC REFERENCE MAP (R=l)
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ENTRY 
12335

POINTS 
STAGE2

VARIABLES SN TYPE
14552
14202
46246
47472
14553

10
12

14606
2
15
13
6
5
0
0

14601
14612

5
14562

3
0

3720
4
0

14564
i

14574
10
11
4
7
1
1
4
2
0
3
5
1

14565
0

14556
26
5

14570
3
4

14175
1

14618
0

AGAIN
AXI5YH
BMAT
CC
CREEP
DEBUG2
DISP
mm
DRHO
ENTRY
FILL
GHALT
GRAVB
HASH!
IADR
IDOF
IDUH
IK
IKi
INASTR
INDEX!
1NDEX3
10
IRON
J
JROW
KC
KEYECO
KEYICO
KEYPRB
KEYROT
KEYTHP
KLEN
KHIN
KP
KR
KT1
KT3
KU
L
LLN
LENTHK
LENX
LK
LL
LHASTR
LNODNH
LOAD
LREC
MROH
NBON

LOGICAL
LOGICAL
REAL
REAL
LOGICAL
LOGICAL
LOGICAL
REAL
REAL
INTEGER
LOGICAL
LOGICAL
LOGICAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
LOGICAL
INTEGER
INTEGER
INTEGER

RELOCATION

ARRAY
ARRAY

10
PROB

ARRAY GRV
SHIFT
SHIFT
PROB
PROB
PROB

ARRAY BAM

ARRAY
BEGIN

BEGIN
ARRAY INDEX
ARRAY INDEX

BEGIN
ROT

ROT

KEY
KEY
KEY
KEY
KEY
SHIFT
SHIFT
10
10
10
10
10

KEY

ARRAY BREAD
END

END
SIZE

BLD

BOUND

14603
47376
47426
46122

7
11
2

14200
14612
26422
47232

3
4

14561
0

14604
26422

1
2

5670
1750

0
2
1

14573
2
3
6
3
2
5
2
5
10
0
2
4
0

52
0
2

14557
14566

1
2

14572
14571

4
1

14567
11

ANGLE
B
C
COORD
DEBUG!
DISK
DP
DPST
DUN
FBCON
FV
GRAM
GRAMS
I
ICON
IDROT
IFBCON
IKOUNT
ILN2
INDEXK
INDEX2
INTGRK
IREC
ITIHE
JJ
KBEGIN
KEND
KEYEL
KEYLLO
KEYRL1
KEYTL
KEYX
KHAX
KOFF
KPTR
KROW
KT2
KUNIT
K1X
LCON
LENGTH
LENTH2
LJ
LKOUNT
LLNZ
LNOD
LNUH
LQ
LRECBR
N
NDIH

REAL
REAL
REAL
REAL
LOGICAL
LOGICAL
REAL
REAL
REAL
REAL
REAL
LOGICAL
LOGICAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

*UNDEF
ARRAY
ARRAY

ARRAY
ARRAY
ARRAY

ARRAY

ARRAY
ARRAY
ARRAY

ARRAY

ARRAY

10
SHIFT
BOUND

PROB
PROB

BEGIN

BEGIN
BEGIN
INDEX
INDEX
KK
BLD
BOUND

SHIFT
SHIFT
KEY
KEY
KEY
KEY
BREAD
SHIFT
SHIFT
BLD
ROT
10
SHIFT
BREAD
END
PROB

END
END

END
BREAD

PROB

c
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VARIABLES SN TYPE
i NDT

13 NECON
2 NETNEW
0 NFX

14S77 NGRAVS
10 NLAP

14S60 NNLAP
16 NODG

14607 NROV
14605 NUM
14201 OLDSOL

6 OUT
0 REALK
7 REND
i RHOF

14550 RMAX
14176 SING

12 SPACE
14177 THK
47504 TITLE
46176 TLAPN
14554 T«OK

6 XF
0 XIOUR

14576 YGRV

FILE NAMES
0 INPUT

1534 TAPE13
445 TAPE6

EXTERNALS
ASMLTV
BCONIN
BREAD
BTIME
CMAT
FACTSD
FTIME
GRS
LOADN
OTIME
QUAX4
SHIFT
TRIMS

NAMELISTS
IN

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
LOGICAL
LOGICAL
REAL
INTEGER
REAL
INTEGER
LOGICAL
LOGICAL
REAL
REAL
REAL
LOGICAL
REAL
REAL
REAL

MODE

MIXED

TYPE

REAL

RELOCATION
SIZE
PROB
SIZE
BREAD

PROB

ARRAY GRV

10
ARRAY KK

SHIFT
GRV

tUNDEF

SHIFT

ARRAY
ARRAY

ARRAY GRV
ARRAY BLDIO

445 OUTPUT
2412 TAPE18

ARGS
6
8
4
5
5
2
3
7

8
e

16
4

15

IOK

3 NDTNEW
0 NET
7 NFLT
0 NGRAV

14 NICON
14563 NLAPO
14602 NOD
14600 NROT
14611 NSOL

14 NUMROW
1 OLDHRK
6 RBEGIN
0 REALKK

14575 RHO
14555 RLAX
14551 RMIN
46556 SM
47530 TEMP

i TIME
46222 TLAP
46152 TLAPO

5 XANGLE
0 XIOBR
4 YANGLE
3 ZANGLE

1112
1745

BCON
BLD
BREAD2
BWR1TE2
FACTPD
FRC
GRF
HEX8
OPENMS
OUAD4
ROTATE
SOLVE2

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
LOGICAL
INTEGER
REAL
REAL
REAL
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

TAPEil
TAPE20

ARRAY

tUMDEF
ARRAY
ARRAY

ARRAY
ARRAY

ARRAY

SIZE
SIZE
PROB
GRV
PROB

SHIFT
PROB
SHIFT
KK

BOUND

ROT
BREADIO
ROT
ROT

1323 TAPE12
UNFMT

2
3
4
4
2
3
6

10
4

16
9
9

1) TAPES

STATEMENT LABELS
14323 10
14376 21
14422 25
14474 40

0 205

FMT
FMT
FMT
FMT

14341
14411
14443
14512

INACTIVE 0

15 FMT
22 FMT
30 FMT
45 FMT
210 INACTIVE

14356
14432
14457
14527

0

20
23
31
50
280

FMT
FMT
FMT
FMT

PAGE i; 
C 2 -  ' Z.
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STATEMENT LABELS 
12447 282 

9 710 
12616 919 
12501 1010 
12S36 1017 
12555 1100 
12623 1120 
12645 113S 

0 1210 
12746 1225 

0 1228 
13032 1234 

0 1290 
0 1390 

13170 1450 
13222 1550 
13246 1530 
13277 1610 
13357 1671 
13373 2000
13414 8010

LOOPS LABEL
12442 280
12557 1105
12575 8000
12577 900
12604 910
12611 912
12620 920
12635 1130
12670 1290
12715 1210
12716 1210
12726 1215
12741 1220
12756 1226
12761 1226
13001 1228
13076 1390
13116 1450
13207 1520
13214 1522
13306 1690

COHHON BLOCKS
BREAD
BREADIO
BLD
BLDIO
INDEX
BAM
KK
10
SIZE

INDEX
I
I
L
I
I
I
I
N
LL
J
I
I
I
I
J
J
N
I
I
I
I

LENGTH
62

2048
3

2048
4000
5000

131000
9
5

FROM-TO
137 139
204 205
216 519
218 220
222 224
226 227
233 235
245 249
266 345
274 278
275 278
281 284
292 296
302 306
305 308
317 318
360 364
375 394
408 409
410 414
472 500

LCH

12462 
12607 

0 
12525 
12540 

0 
12631 
12655 

0 
0 

13042 
13026 
13064 
13106 

0 
13227 
13273 
13305 
13361 
13376
13426

LENGTH
2B
3B

614B
2B
2B
2B
2B
10B

174B
4B
2B
2B
4B
7B
2B
2B
10B
55B
2B
5B

56B

330 
911 
920 
1015 
1018 
1105 
1125 
1140 
1215 
1226 
1230 
1235 
1295 
1400 
1520 
1560 
1600 
1620 
1680 
3000
9000

PROPERTIES
INSTACK
INSTACK

EXT REFS
INSTACK
INSTACK
INSTACK
INSTACK

EXT REFS
EXT REFS
NOT INNER

INSTACK
INSTACK
INSTACK

NOT INNER
INSTACX
INSTACK

EXT REFS
EXT REFS

INSTACK
INSTACK

EXT REFS

ENTRIES

EXITS
EXITS

EXITS

EXITS

8 990
0 912
I 1100

12532 1016
12542 1020
12563 1110

0 1130
12663 1200

0 1220
12765 1227
13036 1231
13045 1280
13067 1300
13144 1430
13217 1522
13231 1570
13276 1608
13343 1660

C

INACTIVE

8000

EXITS MOT INNER

NOT INNER
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COMMON BLOCKS
BEGIN
END
PROB
CRV
ROT
BOUND
KEY
SHIFT

LENGTH
6
6
13
18
6
3

10
14

C

STATISTICS 
PROGRAH LENGTH 
BUFFER LENGTH 
SCH LABELED COMMON LENGTH 
LCH LABELED COMMON LENGTH 

130IOOB SCH USED

3S732B 15322
116I2B 4994
317I3B 13251
377670B 131180
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10

BLOCK DATA 10
CO««ON/IO/KR,K«/ KP ) KTi > KT2,KT3 /OUT 
CO«HON/PROB/HASHi,OLDWRK, LENGTH, 

1 NLAP,NDIH,DISP,NECON,NICON 
COHMON/BREAD/NFX,LRECBR,KEYX<20),LENX<20>,K1X<20) 
COMHON/BLD/KPTR,LREC,IREC

DATA KPTR/i/,LREC/2048/,lREC/i/
DATA LRECBR/2048/
DATANFX/0/,KEYX/20t0/,LENX/20t0/,KiX/20*0/
DATA KR/5/ > KM/6/ > KP/?/,KTl/li/,KT2/i2/,KT3/13/,OUT/, FALSE,/
DATA OLDWK/, FALSE./
END

c 2 \ S

SYMBOLIC REFERENCE HAP (fhi)

VARIABLES SN TYPE
12 DISP
3 GRAM
4 CRAVS
2 IREC
2 KP
0 KR
4 KT2
1 KU
2 LENGTH
1 LREC

11 HDIH
7 NFLT

14 NICON
1 OLDURK

COMMON BLOCKS
10
PROB
BREAD
BLD

REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

LENGTH
7

13
62
3

STATISTICS 
PROGRAM LENGTH 
SCH LABELED COMMON LENGTH 

130000B SCH USED

RELOCATION 
PROB 
PROB 
PROB 
BLD 
10 
10 
10 
10
PROB 
BLD 
PROB 
PROB 
PROB 
PROB

6
5
0

2
0

3
5

52
26
1

13
0

10
6

GMALT
GRAVB
HASH!
XEYX
KPTR
KTi
KT3
XIX
LENX
LRECBR
NECON
NFX
NLAP
OUT

REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

PROB
PROB
PROB

ARRAY BREAD
BLD
10
10

ARRAY BREAD
ARRAY BREAD

BREAD
PROB
BREAD
PROB
10

125B 85
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C 2- - I <o
i SUBROUTINE ASMLTV(LNUN,NDE,ELK,ELQ,REALK,INTGRK) 

C
ctmtmmmmmmtmmmmmttttmmmmtmmmmm
C FINITE ELEMENT ANALYSIS BASIC LIBRARY

5 C SUBROUTINE FOR ASSEMBLY FOR ELEMENT WITH K IN LTV FORM 
C .. -. * » 
C . 
C VERSION 2 RELEASE 2 (REPLACES ASEMBL IN VERSION 2 RELEASE i)
cmmmmmmtmmmmmmmmmmmmmtmmmttt

id DIMENSION REAUU2), INTGRK(2) 
LEVCL 2,REALK,INTGRK 
LEVEL 2,REALKK 
DIMENSION ELK<2), EL0(2) 
INTEGER RMAX,RMIN

15 LOGICAL SPACEFILL 
C

COMNON/XK/REALKX<2) 
C

COMMON /BEGIN/ ICON,IKOUNT,ILNZ,IMASTR,I9,IK
20 COHrtON/SHIFT/KUNIT,KLEW,KBEGIN ; KEHD ; KH1N,KWX ; RBEGIN,REWD, 

i KOFF,DISK,SPACE,FILL 
IKOUHi = IKOUNT-1 
IOM1 = IQ-1

C SET ADDRESS POINTERS 
25 IDOF = IMASTR+LNUM-1 

JDOF " INTGRK(IDOF) 
IJ = i 

C
C TEST IF SHIFT AND SET RMIN AND RMAX FOR ELEMENT 

30 IF(SPACE)GOTO 161 
RMAX=INTGRK(JDOF) 
RMIN=RMAX 
K=JDOF-1
DO 160 LROU^l^NDE

35 MCOL:INTCRK(K+LROU) 
RMAX^MAXKMCOL^MAX) 
RMIN=MIN6(MCOL > RMIN) 

161 CONTINUE
FILL=.FALSE, 

40 CALL SHIFT(REALKK,INTGfiK,RHlN,RMAX)
111 CONTINUE 

C -
C LOOP OVER LOUER TRIANGLE OF ELEMENT STIFFNESS MATRIX ELK (STORED IN 
C LOUER TRIANGLE VECTOR FORM) 

45 DO 2 LROU = 1,NDE 
C ROU MASTER NUMBER

MROU - INTCRK(JDOF) 
C ASSEMBLE FORCE COMPONENT

K = 1QM1+NROU 
50 REALK(X) = REALX(K)fELQ(LROU)

C UPDATE ROU MASTER NUMBER LOCATION' SET COLUMN MASTER NUMBER LOCATION 
JDOF = JDOF+i 
KDOF = INTGRK(IDOF) 
DO 2 LCOL = 1,UIO« 

55 C COLUMN MASTER NUMBER AND LOCATION UPDATE
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65

HCOL -- INTGRK(KDOF) 
KDOf -- KDOF+i 

SORT FOR LARGER ROU/COLUHN NUMBER
IROU = mm
JCOL * HCOL
IF (HROU ,6E, HCOL) GO TO i 
IROU = HCOL 
JCOL = HROU 

CALCULATE ABSOLUTE ADDRESS OF KUROU,JCOL)
1 K = IKOUHi+IROU

K = INTGRK(KHJCOL-KOFF 
ASSEMBLE STIFFNESS COEFFICIENT

REALKK(K) = REALKK<KHELK(IJ> 
UPDATE ADDRESS IN &EHENT STIFFNESS HATRIX

2 U = IJ+i 
RETURN 
END

C'z- 17

JYMBOLIC REFERENCE HAP (R=i)

ENTRY
3

POINTS 
ASHLTV

VARIABLES SN TYPE
ii
0
0

105
101
2
0

102
115
106
112

i
4
0
0

110
0
0
7

100

DISK
ELfl
ICON
U
IKOUH1
ILNZ
INTGRK
IOH1
JCOL
K
KDOF
KLEN
KHIN
KUNIT
LNUH
HCOL
NDE
REALK
REND
RHIN

REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
INTEGER

RELOCATION
SHIFT

ARRAY F.P,
BEGIN

BEGIN
ARRAY F.P,

SHIFT
SHIFT
SHIFT
F.P,

F.P,
ARRAY F,P.

SHIFT

0
13

103
5
i
3
4

114
114
2
3
5

10
113
117
111
6
0

77
12

ELK
FILL
IDOF
IK
IKOUNT
IHASTR
16
IROU
JDOF
KBEGIN
KEND
KHAX
KOFF
LCOL
LROU
HROU
RBEGIN
REALKK
RHAX
SPACE

REAL
LOGICAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
INTEGER
LOGICAL

EXTERNALS
SHIFT

TYPE ARG5
4

INLINE FUNCTIONS TYPE ARGS
HAX0 INTEGER 0 INTRIN

ARRAY

ARRAY

F,P. 
SHIFT

BEGIN 
BEGIN 
BEGIN 
BEGIN

SHIFT 
SHIFT 
SHIFT 
SHIFT

SHIFT 
KK

SHIFT

HIND INTEGER I INTRIN
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STATEHENT LABELS 
62 1 1
35

LOOPS
24
45
56

COHHON

181

LABEL
188
2
n

BLOCKS
KK
BEGIN
SHIFT

INDEX
LROU
LROU
LCOL

LENGTH
2
6

12

FROH-TO
34 38
4578
54 78

LCH

LENGTH
4B

24B
12B

2

PROPERTIES
INSTACX

i
INSTACK

STATISTICS
PROGRAH LENGTH 121B 
SCH LABELED COHHON LENGTH 22B 
LCH LABELED COHHON LENGTH 26 

1361818 SCN USED

81
18

FTN 4,8*498/328 25 NOV 79 15,84,59 PAGE

C 2 -/
  188

NOT INNER
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C 2 - ( c |
1 SUBROUTINE BCONtREALUNTGRK) 

C

C FINW F'WIIT ANALYSIS BASIC LIBRARY SUBROUTINE-VERSION 2

cmsimtsmmttimmmimmiimimmmtmmtmtmmtt*
DIMENSION REALK(2),INTGRK(2),IIROW(iO),DIROW(iO) 
LEVEL 2,REALK,INTGRK 

18 LEVEL 2.REALKK
LOGICAL OUT,SPACE,FILL,DEBUGi,DEBUG2 
INTEGER RBEGIN,REKD
COHNON /IO/ KB, Ktf, KP, KTi, KT2, KT3, OUT,DEBUGi >DEBUG2 
COHHON /SIZE/ NET, NDT

IS COHNON /BEGIN/ ICON,IKOUNT,ILNZ,IHASTR,I9,IK 
COHHON /END/ LCON,LKOUNT,LLNZ,LHASTR,Lg,LK 
COHHON /SHIFT/ KUNIT,KLLrN,KBEGIN,KEND,KMN,KHAX,RBEGIN,REND, 

i KOFF,DISK,SPACE,FILL 
COHHON/KK/REALKK(2) 

20 C
C VERSION 2 RELEASE i AUGUST 1972 
C 
C
C PRINT CONTROL 

25 911 FORHAT(79H9DISPLACEH£NT CONSTRAINTS HAVE BEEN APPLIED TO THE FOLLO
ittING DEGREES OF FREEDOM,/,5X,7HDOF NO,,2X,i2HDISPLACEHENT> 

902 FORMAT(iX,iOIi0/iX,lPilEil.2)
913 FORHAT(iX,72H~-       ABOVE m NUHBER APPEARS TWICE

i IN CONSTRAINT LISV,iX,85HEXECUTION TERMINATED IN SUBROUTINE BCD 
38 2N DUE TO POSSIBLITY OF BOUNDARY CONDITION ERROR)

914 FORHAT(62HIYOUR STRUCTURE IS FLYING FREE, PLEASE CONSTRAIN IT NEXT 
i TIHE,,/,iX,28HEXECUTION TERMINATED IN BCON) 
IKOUHi * IKOUNT-i 
ILNZH1 = ILNZ-1 

35 IQHi ' Ifl-i
C PRINT ENTRY MESSAGE 

WRITE (KW,9»i) 
C ORDER THE CONSTRAINT ROW NUMBERS IN ASCENDING SEQUENCE

LAST = LCON-i
40 IF (ICON ,GT, 9) GO TO i 

WRITE (KW,9I4) 
STOP 

i IFLAC * I
DO 2 1 * ICON,LAST

45 IF (INTGRK(IM) .GE, INTGRK(D) GO TO 2 
J > INTGRK(I) 
INTGRK(I) = INTGRKUM) 
INTGRK(IH) = J 
IFLAG = 1 

50 2 CONTINUE
IF (IFLAG ,EQ, i) GO TO i 
IE*fl 
MCON

50 IFUNTGRK(J).EQ,0,AND,IE,LE,LCON>GOTO 60 
55 GOTO 78
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60 DO 65 I=J,LAST
65 1NTGRK(I)*INTGRK(M)

INTGRK(LCON)=I 
61 GOTO 51 

70 CONTINUE
C CHECK TO SEE IF ANY ROW NUMBERS HAVE BEEN ENTERED IN CONSTRAINT 
C VECTOR - ABORT THE RUN IF NONE HAVE BEEN

J * 0
65 DO 100 I * ICON,LCON 

10ft J = J<INT6RK(I)
IF (J .GT, 8) GO TO 280 
URITL (KW,904) 
STOP

70 C OUTPUT CONSTRAINT LIST 
280 NROJH

DO 4 I = ICON,LCON 
IF UNTGRKU) ,EQ. 0) GO TO 4 

C CHECK FOR REPEATED DOF AFTER 1ST ONE 
75 If (I .EQ, ICON) GO TO 3

IF aNTGRK(I) ,NE, INTGRK(M)) GO TO 3
WRITE <KW,903)
STOP

3 J = IOM1+INTGRKQ) 
80 IF(.NOT.OUT)GOTO 4

IIROW(NROW>*INTGRK<I)
DIROW(NROW)=REALKU>
NROW=NROIM
IF(NROU,LT,ii)GOTO 4 

85 WRITE(KW,902)IIRQW,DIROW
NROW=i

4 CONTINUE
IF(OUT)WRnE(KW,902)IIRQW,DHO«

C LOOP OVER CONSTRAINED DOF FOR MODIFICATION Of COMPLETELY ASSEMBLED 
90 C FORCE VECTOR

FILL=,rALSE. 
DO 71 I = ICON,LCON 
IF UNTGRK(I) .EQ, 0) GO TO 71

C CHECK IF PRESCRIBED DISPLACEMENT = 0 - IF IT DOES, SKIP FORCE VECTOR 
95 HROV -- INTGRK(I) 

M = IQttl+HROW
IF (REALK(M) ,EQ, 0.) GO TO 71

C DISPL ,NE, 8 - LOOP OVER ALL ROWS TO MODIFY FORCE VECTOR ~ SKIP 
C CONSTRAINED ROWS (CONTROLLED BY VALUE OF NEXT) 

100 NEXT = ICON
DO 7 NROW s 1,NDT
IF (NROW ,NE, INTGRK(NEXT)) CO TO S 
NEXT = NEXT+i 
GO TO 7 

105 5 IF (MROU .GT. NROW) GO TO 51
C CHECK FOR COUPLING OF ROW NROW WITH COL MROW 

J -- ILMZMl+NftOW
IF UNTGRKU) .GT, MROW) GO TO 7 
IROW = NROW 

110 ICOL = MROW
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GO TO &
C CHECK FOR COUPLING OF ROW HROU WITH COL NROU 

Si J = ILNZM1+HROU
IF (INTGRK(J) ,GT, NROU) GO TO 7 

115 IROU = NROU 
ICOL = NROU 

C SUBTRACT KKPRESCR DISPL) FROH FORCE VECTOR
6 KADR = IKOUHi+IROU

IF(.NOT,SPACE,AND,UROU.LT.RBEGIN.OR.IROU,GT.REND)) 
120 1 CALL SHIFT(REAUK,!NTGRK,IROU,IROU) 

KADR = INTGRK(KADR)+ICOL-KOFF

REALK(N) = REALK(N)-REALKK(KADR)*REALK(H)
7 CONTINUE 

125 71 CONTINUE
C LOOP OVER CONSTRAINED ROUS TO DECOUPLE THEN FROH REST OF K HATRIX 

DO 11 I * ICON,LCON 
IF QNTGRKQ) ,EQ, 0) GO TO 11 
HROU = INTGRK(I)

131 INIT = ILNZH1+HROU 
INIT = INTGRK(INIT) 

C SHIFT ROUS IN REALKK If NECESSARY
IF(,NOT,SPACE,AND,(HROU,LT,RBEGIN,OR.HROU,GT,REND)) 

1 CALL SHIFTfREALKKjINTGRKjHROMftOW) 
135 C SET ROW = 0

H = IKOUNl+ffROU 
H = INTGRMHHOFF 
DO 8 HCOL * INIT,HROU 
KADR = H+NCOL 

140 8 REALKK(KADR) * 0,
C SET COLUHN = 0 IN ROUS WHOSE LNZE COL NO IS ,LE, HROU - SKIP THIS 
C SECTION IF NROU IS THE LAST ROW 

IF (HROU ,EQ, NDT) GO TO 10 
INIT = HROU+1

145 DO 9 NROU « INIT,HOT 
N = ILNZH1+NROU
IF (INTGRK(N) .GT. HROU) GO TO 9 
IF(.NOT,SPACE,AND,(NROU,LT,RBEGIN,OR.NROU,GT,REND)) 

1 CALL SHIFT(REALKK,INTGRK,NROW,W(W 
150 KADR = IKOUHlfNROW

KADR = INTGRK(KADRHHROU-KOFF 
REALKK(KADR) = 0, 

9 CONTINUE
C SET DIAGONAL ENTRY = 

155 10 CONTINUE
IF(SPACE)GOTO 101
?F(HfiOU,LT,RBEGIN,OR,HROU,GT,REND> 

1 CALL SHIFT(REALKK,INTGRK,HROU,HROU)

160 H>INTGRK(N)-KOFF 
111 CONTINUE 

KADR = NfNROU 
REALKK(KADR) ~- 1, 

11 CONTINUE 
165 RETURN
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END

FTN 4,8*498/320 2SNOV 79 15,04.59

a
PAGE

<? 2..

SYNBOLIC REFERENCE HAP <R=i)

ENTRY PQIN1S 
3 BOON

VARIABLES
7 DEBUG!

515 DIROW
13 FILL

475 ICOL
467 IE
5B3 IIROW
460 IKOUffi

2 ILNZ
3 INASTR
6 INTGRK

462 IQHi
466 J
2 KBEGIN
i KLEN
4 KHIN
2 KP
3 KTi
5 KT3
i KU
0 LCON
i LKOUNT
3 LHASTR

472 H
471 NROV

1 NDT
473 NEXT

6 OUT
0 REALK
7 REND

EXTERNALS
smn

SN TYPE RELOCATION
LOGICAL
REAL ARRAY
LOGICAL
INTEGER
INTEGER
INTEGER ARRAY
INTEGER
INTEGER
INTEGER
INTEGER ARRAY
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
LOGICAL
REAL ARRAY
INTEGER

TYPE ARCS
4

10

SHIFT

BEGIN
BEGIN
F,P,

SHIFT
SHIFT
SHIFT
10
10
10
10
END
END
END

SIZE

10
F,P,

SHIFT

10
11

465
0

464
5
1

461
500

4
474
476

3
5

10
0
4
0

463
5
2
4

501
477

0
470

6
0

12

DEBUG2
DISK
I
ICON
IFLAG
IK
IKOUNT
ILNZN1
INIT
10
IROW
KADR
KEND
KHAX
KOFF
XR
KT2
KUNIT
LAST
LK
LLNZ
Lfi
HCOL
N
NET
NROW
RBEGIN
REALKK
SPACE

LOGICAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
LOGICAL

10
SHIFT

BEGIN

BEGIN
BEGIN

BEGIN

SHIFT
SHIFT
SHIFT
10
10
SHIFT

END
END
END

SIZE

SHIFT
ARRAY KK

SHIFT

STATEMENT LABELS
21 1
116 4
213 7
302 10
161 51
54 70
316 101
366 902

.

FHT

31 2
151 5

§ 8
322 11
44 60

221 71
65 200

372 903 FHT

101 3
170 6
277 9
37 50
0 65
0 100

351 901 FHT
414 904 FHT
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LOOPS
25
45
57
70
131
144
225
251
256

COHHON

LABEL
2
65
160
4
71
7
11
8
9

BLOCKS
10
SIZE
BEGIN
END
SHIR
KK

INDEX FROM-TO
I
I
I
I
I
NftOU
I
HCOL
NROU

LENGTH
9
2
6
6
12
2 LCH

44 50
56 57
6566
7287
92 125
101 124
127 164
138 140
145 153

LENGTH
5B
3B
2B

31B
74B
55B
106B
2B

24B

PROPERTIES
INSTACK
INSTACK
INSTACK

EXT REFS
EXT REFS
EXT REFS
EXT REFS

INSTACK
EXT REFS

FTN 4.8+498/320 25 NOV 79 15.04.59

c ̂.
PAGE 

i  > 
J>

NOT INNER

NOT INNER

STATISTICS
PROGKAH LENGTH 527B 343 
SCN LABELED COHHON LENGTH 43B 35 
LCH LABELED COHHON LENGTH 2B 2 

130000B SCH USED
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C2 - ? c|
i SUBROUTINE BCONINdrBCONjDUH^EALK.INTGRK^ROW^ROH.JIRV^IST),

i RETURNS (Ri)
C  -COMPUTES INTERNAL BOUNDARIES 
C-  ITYPE * IFBCQN(4,I) 

5 C 0 -INVERSION FOR DISP. VALUE 
C i SET BY FTIME
C 2-DISP. SET BY INPUT VALUE DP - NO INVERSION 
C 3-DISP. SET BY FTIHE- NO INVERSION 
C »- GAME AS 2 BUT FOR BC ON ANTI-SYH PROBLEMS 

10 C 18-STRESS INVERSION 
C

DIMENSION REALK(i),INTGRK(i),IFBCON(4,i),DUM(i) 
LEVEL 2,REALK,INTGRK 
LEVEL 2,REALKK

15 LOGICAL DISP, ENTRY2, SPACEFILL 
IN1LGER RBEGIN,REND 
EQUIVALENCE <IDP,DP) 
COHMON/SIZE/NET.NDT
COMMON/BEGIN/ICON > IKOUNT,1LNZ > I«ASTR ( .^,IK 

20 COMMON/END/LCON,LKOUNT,LLNZ,LMASTR ; LQ,LK
COMMON/PROB/HASHi ; OLDWRK,LENGTH,GRAV,GRAVS,GRAVB,G«ALT,NFLT,NLAP, 

i NDIM^ISP.NECON^ICON 
COMMON/BOUND/NBON^RLAXJLAP
COMMON /SHIFT/ KUNIT,KLEN,KBEGIN,KENMMIN,KMAX,RBEGIN,REND, 

25 i KOFF,DISK,SPACE,FILL 
COMMON/BAOR / IADR(i) 
COMMON/KK / REALKK<2)

30 C
IKOUNi=IKOUNM
ILN2i=ILNZ-i 
IQi^iQ-i
ENTRY2=, FALSE. 

35 IF<.NOT.DISP)RE«IND20
C LOOP OVER INTERVAL BOUNDARIES 

DO 1550 M,NICON 
ITYPE=IFBCON(4,I) 
IF(ITYPE.GE.ifl)GOTO 1550 

40 IX=0
JJ=IFBCON(2,I) 
IMFBCONU,!) 
IF(IJ.GT.JJ)GOTO 1540 
FILL=, FALSE. 

45 IDP=IFBCON(3,I)
IF':iTYPE,EQ.3)DP=DPttTIME(TLAP,RLAX) 

1515 CONTINUE 
C

Ji=ILNZi+JJ 
50 Jl=INTGRK(Ji)

DO 1530 II=J1,NDT 
1510 CONTINUE 

C NEW VERSION 9/1/79 
C 

55 IFUJ.GT.IDGOTO 1515
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r <? -?
C WORK DOWN A COLUMN     ----- 

MUfZi+II 
J=INTGRKU) 
IF(J.GTJJ)GOTO 1530 

60 IROW=II 
ICOL*JJ
IF(.NOT,SPACE.AND. UJ.LT.RBEGIN.OR.ILGT.REND)) 

i CALL SHIFTtREALKMNTGRK,!!,!!) 
KADRi=lKOUNi+«OW

65 KADR=INTGRK(KADR1HICQL-KOFF 
RK-REALKK(KADR) 
IF'iRK.EQJ.JGOTO 1530

C OFF DIAGONAL TERHS - SHIFT ENTRY AND SUM TO DOF 
C--CHECK IF BOTH OFF DIAGONAL AND INTERNAL DOF- 

7 0 C IF SO, SKIP AND PICK IT UP ACROSS ROW LATER ON
IFQADRQROWKNE.O.AND.IROW.NE.ICODGOTQ i'J30 

C
IFiITYPE,EQ.4.AND.IROW.NE.ICOL)RK= RK 

C 
n5 IF(J.GT.IJ)GOTO 1540

KADR=1NTGRK(KADR1)+IJ-KOFF 
REALKK(KADR)=kEALKK(KADi?)+RK 
IFdROW.NE.ICODGOTO 1536 

C DIAGONAL TERM-SPECIAL CASE 
80 KADR'IKOUNl+IJ

KADR=INTGRK(KADR)HJ-KOFf 
REALKK(KADR)^REALKK(KADR)^RK 
GOTO 1531 

C
85 C WORK ACROSS A ROW -- .    -- 

C
1515 CONTINUE 

J=ILN2ifJJ 
J^INTfcRK(J)

90 IFtJ.GUDGOTQ 1530 
IROW=JJ 
ICOL=1I
IF<.NOT.SPACE.AND.iU.LT.RBEGIN.OR.JJ.GT.REND)) 

i CALL SWFT(REALKK,INTGRK ? IJ,JJ) 
?5 KADRl^IKOUNl+IROW

KADR^INTGRK(KADRi)tICOL-KOFF 
RK=REALKK(KADR) 
IF(RK.EQJ,)GOTO 1530 
INCOL=IADR(ICOL) 

100 - C
C CHECK TO SEE IF ICOL IS INTERNAL BOUNDARY

IFUNCOL.E0.6)GOTO 1520 
C
C FOR ICOL AN INTERNAL BOUNDARY DOF 

105 JCOL=IFBCONU,INCQL) 
JTYPE=IFBCON(4,INCOL)

C-PICK UP OFF DIAGONAL TERH PREVIOUSLY SKIPPED 
IFU.GT.JCODGDTO 1540 
IF'.JTYPE.EM)RK=-RK 

iifl KADR*INTGRK(KADRi)+JCQL-KOFF
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REALKK(KADR):REALKK(KADR)+RK 
C 
C FOLLOWING DOES NOT INCLUDE INTERSECTING FAULTS

MLNZi+IJ 
115 MNTGRK(J)

IFU.GT.JCQDGOTO 1540 
IF(ITYPE,EQ,4)RK=-RK 

C
KADRi=lKOUNi+IJ

128 KADR=INT6RK (KADRi )+ JCOL -KOFF 
REALKK(KADR)=REALKK<KADR)+RK 
IF(JTYPE,EQ,4)RK=-RK 
IF(ICOL.GT,1J)GOTO 1518 
KADR=INTGRK (KADRI )*ICOL--KOFF 

125 REALKK{KADR):REALKK(KADR)+RK
GOTO 1531)

C-DO DOF BETWEEN COLUMNS JJ AND IJ- 
1518 CONTINUE

130 KADR=INTGRK(KADR)-fIJ-KOFF
REALKK(KADR)::REALKK(KADR)+RK 
GOTO 1531 

C
1520 CONTINUE

135 C ICOL NOT INTERNAL DOF, BUT COULD BE ON BOUNDARY 
C TEST TO SEE IF ON BOUNDARY AS COORD DOF 

IF(ITYPE,EQ.4)RK=-RK 
IF(ICOL.GT,IJ)GOTO 1525 

C SPECIAL CASE WHEN ICOL ADJACENT COORD DOF 
140 KADR=IKOUN1+IJ

KADR=INTGRK(KADR)+ICOL-KOFF 
REALKK(KADR)::REALKK<KADR}+RK 
IF(ICOL,EQ,IJ)REALKK(KADR)=REALKK(KADR)^K 
GOTO 1530

145 C-ADD TERH TO ROW ICOL 
1525 CONTINUE

KADRzIKOUNl+ICOL 
KADR=INTGRK<KADR)+IJ KOFF

150 GOTO 1530 
C 
1530 CONTINUE

1535 CONTINUE 
155   1536 CONTINUE

IF((ITYPE,GE.2,AND.ITYPE,LE,4),OR.DISP)REALK(IQi*JJ>=DP 
1550 CONTINUE 

GOTO 1555
1540 WITL(6,25)I ? II,JJ,!X,J,IJ,INTGRi(<J) 

160 25 FORHAW   ERRROR NQT ENOUGH SPACE FOR INTERNAL BOUND. I,/,
i (1X.1SI6)) 

9001 CALL XEQCCS(l/DUHP,fl./GRUHP,HUV=10,SBX,//*)
STOP

1555 CONTINUE 
165 J=NECON+ICON-i
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OA ~ ^ 

DO 1580 M.NICON 
IF(IFBCON(4,I),GE,10)GOTO 1580

170 JJ=II+J
IF(JJ,GT,LCON)GOTO 1540 
INTGRK<JJ)=IFBCON<2,I) 

1580 CONTINUE
IF(DISP)GOTO 2210 

175 CALL IORDER2(JJ,INTGRK(ICON),DUM,0,i,DUH)
GOTO 1600 

C 
C -ENTRY FOR APPLYING EACH INVERSION DISPLACEMENT

CNTRY BCONAP 
180 DP=DIRV

ENTRY2=,TRUE, 
READ(20)IX
READ(20HDUWJ),J=UX) 
GOTO 2040 

185 C 
C
1600 CONTINUE 
C WITE DUH FOR CONSTRAINTS yiTH INVERSION OR LOOP ON FORCE VECTOR

DO 2200 M,NICOH 
190 ITYPE=IFBCON<4,I>

IF((ITYPE.GE,2.AND.ITYPE.LE,4).OR.ITYPE.GE.iO)GOTO 2200 
NROH=IFBCON(2,I) 

C 
C

195 2040 CONTINUE 
NEXT=ICON 
IX=«
DO 2070 INROU=1,NDT 
IF(INROU,NE,INTGRK(NEXT))GOTO 2050 

200 NEXT=NEXT+1
GOTO 2071

2050 IF(NROU.GT.INROU)GOTO 2055 
MLNZ1+INROV
IF(INTGRK(J),GT.NROU)GOTO 2070 

205 IROiHNROV 
ICOL=NROV 
GOTO 2060 

2055 MLNZ1+HROW
IF(INTGRK(J),GT,INROW)GOTO 2070 

210 IROM=NROU 
ICOL=INROU 

2060 CONTINUE 
IX=IX4
IF(ENTRY2)GOTO 2065

215 IF(,NOT,SPACE,AND,(IRON.LT.RBEGIN.OR.IROW.GT.REND)) 
1 CALL SHIFT(REALKK > INTGRK > IROU,IROU) 

KADR=!KOUNi+IROV 
KADR-INTGRK(KADR)HCOL-KOFF 
DUH(IX)=REALKK(KADR) 

220 GOTO 2070
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225

2*65 CONTINUE
N=I8itINROH
REALK(N)=REALK<N)-DUH(IX)*DP 

2178 CONTINUE
IF<ENTRY2)GOTO 2508
WRITE(20)IX

239

220* CONTINUE 
REWIND 20

2210 CONTINUE 
RETURN

250ft CONTINUE

235

240

REALK(N)=DP 
IF(ENTRY2)RETURN Rl 
RETURN

C  ~ STRESS INVERSION 
ENTRY BCONST 
DP-DIRVtDIST 
N=IQi+NROU 
REflLX(N)=REALK(N)~DP

245

REALK(N)=REALK(N)+DP
RETURN Ri
END

CARD NR. SEVERITY DETAILS DIAGNOSIS OF PROBLEH

245 I 189 NON-INNER LOOP BEGINNING AT THIS CARD IS ENTERED FROM OUTSIDE ITS RANGE,

SYMBOLIC REFERENCE HAP (R=i>

ENTRY POINTS
326 BCONAP

VARIABLES
0 DIRV

12 DISP
644 DP
615 ENTRY2

6 GHALT
5 GRAVB
0 HASH!
0 IflDR
0 ICON
0 IFBCON

625 IJ
1 IKOUNT

SN TYPE
REAL
LOGICAL
REAL
LOGICAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

BCONIN 470 BCONST

RELOCATION 
F.P, 

PROB

PROB 
PROB 
PROB

ARRAY BADR 
BEGIN

ARRAY F,P,

BEGIN

11
6
0

13
3
4

621
632
644
627

5
616

DISK
DIST
DUH
FILL
GRAV
GRAVS
I
ICOL
IDP
II
IK
IKOUN1

REAL
REAL
REAL
LOGICAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

ARRAY

SHIFT 
F,P, 
F,P, 

SHIFT 
PROB 
PROB

BEGIN
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VARIABLES SN TYPE RELOCATION
2
3

642
4

631
623
637
640
634

2
1
4
0
2
1
3
0
0
i
0
 7
i

10
i
0
 7

1

12

FILE

1LNZ
IHASTR
INROH
16
IRON
IX
JCOL
JIYPL
KADR
KBEGIN
KLEN
KHIN
KUNIT
LENGTH
LKOUNT
LHASTR
HRQW
mm
NI?T
NET
NFLT
NLAP
OLDWRK
KEALK
RLND
RLAX
SPACE

NAMES
TAPE20

EXTERNALS
FTIHE
SHIFT

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL ARRAY
INTEGER
REAL
LOGICAL

NODE
UNFHT

TYPE ARCS
REAL 2

4

BEGIN
BEGIN

BEGIN

SHIFT
SHIFT
SHIFT
SHIFT
PROB
END
END
F.P.

BOUND
SIZE
SIZE
PROB
PROB
PROB
F.P,
SHIFT
BOUND
SHIFT

TAPE6

617
636

6
626
622
630
624
626
633

3
5

10
0
5
3

4
643
11
13

641
14
0
6
0

635
0
2

FHT

ILNZ1
INCOL
INTGRK
191
ITYPE
J
JJ
Ji
KADRi
KEND
KHAX
KOFF
LCON
LK
LLNZ
L6
N
NDIN
NECON
NEXT
NICON
NROW
RBEGIN
REALKK
RK
Ri
TLAP

IORDER2
XE9CCS

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
RETURNS
REAL

( '.2.

ARRAY F,P,

SHIFT
SHIFT
SHIFT
END
END
END
END

PRQB
PRO!;

PROB
F.P.

SHIFT
ARRAY KK

BOUND

6
1

STATEHENT LABaS
563
114
231

0
272
361
411
453

0

LOOPS
20
44

304
351
367

25
ISIS
1525
1536
15S5
2040
2060
2200
?00i

LABEL
1550
1530
1580
2200
2070

FHT

INACTIVE

INACTIVE

INDEX FROH-TO
I 37 157
II 51 152
I 167 173
I 189 228
INROH 198 224

0
205
237
261
313
373
431
457

LENGTH
241B
176B
iiB

105B
54B

1505
1518
1530
1540
1580
2050
2065
2210

PROPERTIES

INSTACK

INACTIVE

EXT REFS
EXT REFS

EXITS
EXT REFS
EXT REFS

EXITS
EXITS

ENTRIES

0 1510 INACTIVE
214 1520

0 1535 INACTIVE
256 1550
350 1600
403 2055
435 2070
460 2500

NOT INNER

EXITS NOT INNER

PAGE

2 1'-/
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COMMON BLOCKS
SIZE
BEGIN
END
PROB
BOUND
SHIFT
BADk
KK

LENGTH
2
6
6
13
3

12
1~i
L. LCH

STATISTICS 
PROGRAM LENGTH 
SCM LABELED COMMON LENGTH 
LCM LABELED COMMON LENGTH 

(BOTTOM OF FILE)

705B 
53B

453
43

FTN 4,8*498/320 26 NOV 79 21.06.05 PAGE
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i SUBROUTINE BLD(LEN,X,NF),RETURNS(R1) 
DIHENSION X(i),XIO(2),NIO<2) 
EQUIVALENCE <NIO,XIO) 

C 
S CONHON/BLDIO/XIO

COHHON/BLD /KPTR,LREC,IREC 
C

LRECi=LREC-i
IF(KPTR.EQJ,OR.NF,EQ,S)RETURN Ri 

19 IFUEN.LT.DRETURNRi 
IF(LEN.GT,LREC1)GOTO 5 
JPTR^KPTR+LEN 
IF(JPTR,LE,LREC)GOTO 36 

5 IE=LREC-KPTR 
15 IB IS=i

NIO(KPTR)«LEN 
IF(IE,LT,i)GOTO 21 

15 DO 2« I»IS,IE 
21 XIO(KPTR+I)=X(I) 

20 21 IF(LEN-IE,LE,8)GOTO 25
CALL WUTHS<NF,XIO,IREC,IREC,9> 
IREC=IREC+1 
IS=IE 
IE=LEN 

25 IF(LEN-IS,GT.LREC)IE=LREC+IS

KPTR=i-IS 
GOTO 15

25 KPTR=IE+i+KPTR
30 IF(KPTR,GT,LREC)GOTO 26 

RETURN
26 CALL URITHS(NF,X10,LREC,IREC,e)

IREC=IREC+1
KPTR=i 

35 RETURN
39 N10(KPTR)-LEN

BO 49 1=1, LEN 
49 XIQ<KPTR+I)=XU>

KPTR=JPTR*i 
49 IF(KPTR,GT,LREC)GOTO 26

RETURN
ENTRY FRC
NIO(KPTR)=-2
CALL URITttS(NF,XIO,LREC,IREC,9) 

45 IREC=IREC+i
KPTR=0
RETURN
ENP

5YHBOLIC REFERENCE NAP (R=i)
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ENTRY POINTS
3 BLD ii3 FRC

VARIABLES SN TYPE RELOCATION
146

2
143

1
142

0
e

I
IREC
JPTR
LEN
LRECi
NIO
X

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

ARRAY
ARRAY

BID

F,P.

BLDIO
F,P.

144
145

0
1
0
0
0

IE
IS
KPTR
LREC
NF
Rl
XIO

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
RETURNS
REAL

BID

F,P.

ARRAY BLDIO

EXTERNALS TYPE ARGS 
WRITHS 5

STATEMENT LABELS
32 5 9 10
0 21 46 21

72 26 106 30

INACTIVE 37 IS
65 25
0 40

LOOPS LABEL INDEX FROH-TO LENGTH
44 20 I 18 19 2B
105 40 I 37 38 2B

COMMON BLOCKS LENGTH
BLDIO 2
BLD 3

STATISTICS
PROGRAM LENGTH 147B 103 
SCM LABELED COMMON LENGTH 5B 5 

130000B SCH USED

PROPERTIES 
INSTACK 
INSTACK
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C 2 ~ >-
1 SUBROUTINE BLD2<LEN>X,NF),RETURNS*Ri) 

DIMENSION X(i),XIO(2),NIO<2) 
LEVEL 2,X
EQUIVALENCE <NIQ,XIO> 

5 COftHON/BLDIO/XIO
CO«HON/BLD/KPTR,LREC,IREC 

C
LRECi=LREC-i
IF(KPTR.EQ,0,OR,NF,EQ,0)RETURN Ri 

10 IF(LEN,LT,i)RETURNRi 
IF(LEN.GT.LRECi)GOTO 5 
JPTR=KPTR+LEN 
IFUPTR.LE.LREOGQTO 31 

5 IE=LREC-KPTR 
15 16 IS=i

NIO(Kf'TRXEN 
IFdE.LT.DGOTO 21 

15 DO 21 MS,IE 
28 XIO(KPTR+I)=X<I> 

20 21 IF(LEN-IE,LE.O)GOTO 25
CALL yRITHS(NF,XIO,LREC,lREC,0} 
IREC=IREC+i 
IS=IE 
IE=LEN

25 IF(LEN-IS,GT,LREC)IE=LRECfIS 
IS'IS+i 
KPTR=i-IS 
GOTO 15

25 KPTR=IE+i+KPTR
30 IFtKPTR.GUREOGOTO 26 

RETURN
26 CALL WRITHS(HF,XIO,LREC,IREC,0)

IREC=IREC+i
KPTR=i 

35 RETURN
30 NIO(KPTR)=LEN

DO 46 I^i ; LEN 
40 X10(KPTR+I)=X(I)

KPTR=JPTRfi 
40 IF(KPTR,GT,LREC)GOTO 26

RETURN
ENTRY FRC2
NIO(KPTR)=-2
CALL MITNS(NF,XIO,LREC,IREC,0) 

45 IREC=IREC+i
KPTR=0
RETURN
END

SYMBOLIC REFERENCE HAP
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ENTRY POINTS 
3 BLD2

VARIABLES SN
145 I

2 1REC
142 JPTR

0 LEN
141 LRECi

0 NIO
0 X

EXTERNALS
WRITHS

5TATEHENT LABELS
32 5
0 20

72 26

LOOPS LABEL
44 20
104 40

COHHON BLOCKS
BLDIO
BLD

112 FRC2

TYPE RELOCATION
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER ARRAY
REAL ARRAY

TYPE ARGS
5

INDEX FROH-TO
I 18 19
I 37 38

LENGTH
2
3

143
BLD 144

0
F,P, 1

0
BLDIO 0
F,P. 8

0 10
46 21

10G 30

LENGTH PROPERTIES
2B INSTACK
2B INSTACK

IE
IS
KPTR
LREC
NF
Rl
XIO

INi

C
"7

<^l

INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
RETURNS 
REAL

BID 
BLD 
F,P,

ARRAY BLDIO

37 15
65 25
0 40

STATISTICS 
PROGRAH LENGTH 
SCH LABELED COHHON LENGTH 

138IOIB SCH USED

1468 
5B

102
5
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C 2 -
1 SUBROUTINE BREAD(KEY,LEN,X,NF),RETURNS(Ri>

C    SEQUENTIAL (KEY*0)/UPDATING TO 10 FILE HANDLER 
C-    HODIFIED AND REINPUT 4/13/74
C  - OPENH5(NF,INDEX,LENGTH OF INDEX,0) MUST BE INSERTED IN NAIN 

5 DIMENSION X<1),XIO(2) 
DIMENSION NIO(2) 
EQUIVALENCE <XIO,NIO> 

C
CONHON/BREADIO/XIQ

10 COMMON/BREAD /NFX,LREC,KEYX(20),LENX<20),K1X(20) 
C

ir(NF,GT,20)RETURN Rl 
IF<KEY.E«,l)KEY=KEYX(NF)iLENX(NFM 
Kl=(KEY-i)/LREC 

15 K2=KEY-LREC»Ki

KEY4.RECNK1-1K2
IF(K1.EQ,K1X(NF),AND.NF,EQ,NFX)GOTO 130 

120 CALL READHS(NF,XIO,LREC,K1) 
20 NFX«NF

130 LENX(NF)=NIO(K2)
IF(LENX(NF),EQ,-i)GOTO 160 
IF(LENX(NF),LT,0)RETURNR1 

25 ir(K2+LENX(NF),GT,LREC)GOTO 170 
LAST*LENX(NF) 
DO 140 I=i,LAST 

140 X(I)*XIO(I+K2) 
. 25 NOV 22.27 RWPSS IS NOW RUNNING IN THE C MACHINEttBKY

150 CONTINUE
30 LCN*LENX(NF) 

KEYX(NF)=KEY 
RETURN 

160 Ki=KM

35 GOTO 120
170 LEN=LENX(NF) 

IS=i

175 DO 180 MS, IE 
40 180 X(1)*XIO(H-K2)

IF(LEN-ILr ,LE,0)GOTO ISO
Ki=Kln
CALL RLADHS(NF,XIO,LREC,Ki)

45 IS=IE 
IE=LEN 
IF(LEN-IS,GT.LREC)IE«LREC+IS

K2*i -IS 
50 GOTO 175

ENTRY BWITE 
C  -CAN ONLY REWIITE RECORD JUST READ - NEEDS LEN

IF(KEY,EQ,0,OR,NFX,NE,NF)RETURN Rl
Ki=(XEY-i)/LREC 

55 K2=KEY-LREC*Ki
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65

75

IF(K2«LENX(NF),GT.LREC)GOTO 310
LAST=LENX(NF)
DO 220 1=1, LAST 

220 XIO<K2+I)*X(I>
CALL WUTHS<NF,XID,LREC,Ki;i,0) 

230 RETURN 
300 CONTINUE

LEN=LENX(NF)
IS=i
IE=LREC-K2 

310 CONTINUE
CALL READHSfNFjXIOjLRECjKi)
DO 320 MS, IE 

320 XIOQ+K2)=X(I)
CALL HRITHS(NF,XIO,LKEC,Ki,i,0)
IF(LEN-IE,LE,0)RETURN

30

IE=L£N
IF(LEN-IS,GT.LREDIE=LREC+IS
IS=IS+i
K1=KW
K2=1-IS
GOTO 319
END

SYMBOLIC REFERENCE NAP (R=i)

ENTRY POINTS 
3 BREAD

VARIABLES SN TYPE

127 BWRITE

RELOCATION
244
24S

2
52
243
26
0
0
0

I
IS
KEYX
KiX
LAST
LENX
NF
NIO
V 
A

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

ARRAY
ARRAY

ARRAY

ARRAY
ARRAY

BREAD
BREAD

BREAD
F.P,

BREADIO
F,P,

EXTERNALS
READMS

TYPE ARCS 
4

246 IE
0 KEY

241 Ki
242 K2

0 LEN
i LREC
0 NFX

Rl 
XIO

WRITMS

INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
RETURNS 
REAL

F,P.

F,P. 
BREAD 
BREAD

ARRAY BREADIO

STATEMENT LABELS 
34 120 
62 150 
77 175
0 230 INACTIVE
0 320

42 130
67 160
0 180

167 300

0 140
72 170
0 220

174 310
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LOOPS
68
104
161
283

COMMON

LABEL
141
130
221
328

BLOCKS
DREADIO
BREAD

INDEX
I
I
I
I

FROH-TO
27
39
59
69

28
48
61
78

LENGTH
2B
2B
2B
2B

PROPERTIES
INSTACK
INSTACK
INSTACK
INSTACK

LENGTH
2

62

STATISTICS 
PROGRAM LENGTH 
SCM LABELED COMMON LENGTH 

1300888 SCM USED

2S5B 
186B

173
64

FTN 4.8+498/328 25 NOV 79 15,14,59 PAGE
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1 GUBROU1INE BREAD2(KEYlt:N,X,NF),RETURNS(Ri)
C    SEQUENTIAL (KEY=fl> /UPDATING TO 10 FILE HANDLER 
C    HODIFIED AND REINPUT 4/18/74
C  ~OPENNS(NF,INDEX,LENGTH OF INDEX,!)) MUST BE INSERTED IN MAIN 

S DIMENSION X(i) ; XIO(2) 
LEVEL 2,X 
DIMENSION NIO(2) 
EQUIVALENCE <XIO,NIO) 

C 
id C

iOHMON/BREADIO/XIO 
C

COMHON/BREAD/NFX,LREC,KEYX(20),LENX<2fl>,KiX<20> 
C 

15 IF(NF.GT.20)RETURN Rl
IF(KEY.EQ,0)KEY=KEYX(NF)+LENX(NF)H 
Ki=(KEY-l)/LREC 
K2=KEY-LREC*Ki 
K1=K1H 

20 KEY=LRECI(Kl-i)f)(2
IF<K1.EQ,K1X<NF),AND.NF.EQ.NFX)GOTO 130 

120 CALL READNS(NF,XIO ; LREC ; K1) 
NFX=NF 
KiX(NF)=Ki 

25 130 LENX(NF)»NIO(K2)
IF(LENX(NF).EQ,-1)GGTO 160 
IF(LENX(NF).LT.«)RETURN Rl 
IF<K2^LENX(NF),GT,LREC)GOTO 178 
LASMLNX(NF)

36 DO 140 1=1, LAST 
140 X(I)=XIO(I+K2) 
1S0 CONTINUE 

LEN=LENX(NF) 
KEYX(NF)=KEY

35 RETURN 
160 Ki=XiH 

K2=i
GOTO 128 

170 LEN=LENX(NF) 
40 IS=i

IE«LREC-K2 
175 DO 100 MS, IE 
180 XU)*XIO(W2)

IF(LEN-IE,LE,*)GOTO 150 
45 Ki=Ki+i

CALL READHS(NF,XID,LREC,K1) 
K1X(NF)=K1 
IS^IE 
IE=LEN

58 IF (LEN-IS . GT , LftEC) IE=LRLC+IS 
IS=IS»i 
K2=i-IS 
GOTO 175 
ENTRY BWRITE2 

55 C  -CAM ONLY REWRITE RECORD JUST READ - NEEDS LEN
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60

65

70

75

80

IF(KCY,Efl,O.OR,NFX.N£.NF)RETURN Ri
Ki=<KEY-i)/LREC
K2*KEY-LRECIKi

FTN 4.8*498/320 25 NOV 79 15.04,59 PAGE

C2 -

IF(K2+LENX(NF),GT,LREC)GOTO 300
LAST*LENX(NF)
DO 220 1=1, LAST 

220 XIO(K2+I)=X(I)
CALL HRITHS(NF,XIO,LREC,Ki,i,0) 

230 RETURN 
300 CONTINUE

L£N=LENX(NF)
I5*i
IE=LREC-K2 

310 CONTINUE
CALL HEADHS<NF,XIO,LREC,Ki)
DO 320 MS, IE 

320 XIO<UK2>=X<I>
CALL ¥RrFHS<NF,XIO,LREC,Ki,l,0)
IF<LEN-IE,LE.O)RETURN
IS'IE

IFiLEN-IS,GT,LREC)IE*LRECfIS

K2=i-IS 
GOTO 310 
END

SYMBOLIC REFERENCE NAP (R=i)

ENTRY POINTS 
3 BREAD2

VARIABLES SN TYPE

127 BURITE2

244
245

2
52

243
26
0
0
0

I
IS
KEYX
KiX
LAST
LENX
NF
NIO
X

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

RELOCATION

ARRAY 
ARRAY

ARRAY

EXTERNALS TYPE ARCS 
REAMS 4

STATENENT LABELS 
34 120 
62 150

BREAD 
BREAD

BREAD 
F,P,

ARRAY BREADIO 
ARRAY F.P,

246
0

241
242

0
1
0
0
0

IE
KEY
Kl
K2
LEN
LREC
NFX
RI
XIO

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
RETURNS
REAL

42 130
67 160

F,P,

F,P, 
BREAD 
BREAD

ARRAY BREADIO

WRITHS

0 140
72 170



SUBROUTINE BREAD2 76/76 OPT=2 FTN 4,8+498/328

STATEMENT LABELS
77
e
0

LOOPS
60
184
160
283

COHHON

175
230
320

LABEL
148
180
220
328

BLOCKS
BREADIO
BREAD

INACTIVE

INDEX
I
I
I
I

LENGTH
2
62

FROH-TO
31 31
42 43
62 63
7273

0
166

LENGTH
2B
2B
2B
2B

180
381

PROPERTIES
INSTACK
INSTACK
INSTACK
INSTACK

e 220
173 310

25 NOV 79 15,04.59

c
PAGE

2 -

STATISTICS 
PROGRAM LENGTH 
SCH LABELED COfflON LENGTH 

1309968 SCH USED

254B 
108B

172
64
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i SUBROUTINE CNAT(KC,CC,C,TLAP,L>
C-ii/29/77 VERSION  3D ISOTROPIC CONSTANTS
C 6X6 MATRIX C
C CC - MAXUELLIAN CONSTANTS 

5 C CC(1) - RELAXATION TIME
C CC(2) - SHEAR MODULUS IN UNITS OF Ei2
C CC(3) - BULK MODULUS IN UNITS OF E12
C TLAP(L) - LAPLACE REDUCED TIME
C

18 DIMENSION C(6,6),CC(3),TLAP<3) 
REAL KS,C,CC,TLAP,SHS

C
C MAXUELLIAN FLUID IN LAPLACE SPACE - StSHEAR MODULUS

SHS=<CCU)*CC(2WLAP(L)>/(CC(l)*TLAP<LHi) 
15 KS=CC(3)

C COMPUTE LAMDA

Ci=KS+4,tSHS/3,

C(i,2)*C12 
C(2,l)=Ci2

25 C(3,i)=Ci2 
C(2,2)=Ci2 
C(3,2)*C12 
C(4,4)=SHS 
C(S,S)=S«S

38 C(6,6)=SHS

C(2,4)*». 
35 C(2,S)*8,

C(3,6)=«,
48 C(4,i)=8, 

C(4,2)=8, 
C(4,3)=8, 
C(5,i)»l, 
C(5,2)=«, 

45 C(5,3)=8.

58 0(4,6)=

C<5,'6)« 
C<6,4)=8 
C(6,S)*8 

55 RETURN
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END

cv-s z

SYMBOLIC DEFERENCE HAT 0-1)

ENTRY POINTS
3 CHAT

VARIABLES
6 C

51 Ci
0 KC
6 L
0 TLAP

SN TYPE
REAL
REAL
INTEGER
INTEGER
REAL

RELOCATION
ARRAY

tlMiSED

ARRAY

P.P.

P.P.
F.P,
F,P.

F.P.

F.P.
F.P,
F.P.

0 CC
SO C12
46 KS
47 SH5

REAL
REAL
REAL
REAL

STATISTICS 
PROGRAM LENGTH

1300106 SCH USED
52B 42

ARRAY F.P,



SUBROUTINE CMAT 76/76 OPT=2 FTN 4.7+485/23S 01 SEP '/$' 13.17.02 PAGE

i SUBROUTINE CMAT(KC,CC,C,TLAI»,L) 
C
C C - 3X3 PLANE STRAIN CONSTANTS 
C CC - MAXUELL1AN CONSTANTS 

5 C CC(i) - RELAXATION TIME
C CC(2) - SHEAR MODULUS IN UNITS OF E12 
C CC(3) - BULK MODULUS IN UNITS OF E12 
C TLAP(L) - LAPLACE REDUCED TIHE 
C

ID DIMENSION C(3,3),CC(3),1LAP(3) <-_. 
C
C MAXHL1LIAN FLUID IN LAPLACE PLANE - 5ISHEAR MODULUS 
C

3HS=(CCii)«CC(2)*TLAI) (L))/(CC(i)»TLAPiL)H.) 
15 KS=CC(3) 

C
C(i,i)=KS*4,*SHS/3. 
C(2,i)=KS-2,*SHS/3, 
C(i,2)=C(2,i)

20 C(2 / 2)=C(i > i) 
C(3,i)=0. 
C(3,2)=0.

C(2^)=B,
25 C(3,3)=SHS 

RETURN 
END

SYMBOLIC REFERENCE HAP (ft=i)

ENTRY POINTS 
3 CMAT

VARIABLES
0 C
0 KC
0 L
0 TLAi5

SN TYPE
REAL
INTEGER
INTEGER
REAL

RELOCATION
ARRAY

tUNUSED

ARRAY

F.P.
F.P.
F.P.
F.P.

0 CC REAL ARRAY F.P.
32 KS INTEGER
31 SHS REAL

STATISTICS
PROGRAM LENGTH 33B 27 

120000B SCM USED
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10

SUBROUHNE CMAWC.CC.CJLAPA)

C C - 3X3 PLANE STRAIN CONSTANTS
C CC - «AXHELL1AN CONSTANTS
C CKl) RELAXATION TIME
C CC(£)   SHEAR MODULUS IN UNITS OF Ei2
C CL-3) - LAHBDA -- HODIFIB 9/17/79
C TLAP(L)    LAPLACE RLDUCED TIME
C

MfSENGION C(3,3) t LLC)JLAP(3)

/"

C NAXWELLIAN FLdlD IN LAPLACE PLANE - S*SHEA-x MODULUS 
C

KS=LC(3)^.ISHS/3,

E(2,l)=XS-3,ISHS/3. 
td.2)=C(2,i)
cc?.>;^c(i..i)
C',3 ,D=0 ,

REIUkN

SYMBOLIC REFERENCE HAP (R=l)

ENTRY POINT:
3 CHAT

VARIABLES 
0 C 
0 KC 
8 L 
0 TLAP

SN TYPE RELOCAUON
REAL ASRAY P.P.
INTEGER *!M.'SE» P.P.
INTEGER P,F.
REAL ARRAY F,P,

STATISTICS 
PROGRAM LENGTH

120 MOB SCM USED 
:B(;TTOM 0{; PILE;

33B

0 CC
31 KS
3? SH3

REAL 
REAL 
REAL

ASfcAY
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II

FUNCTION DOT(A,B,K>

C DOT PRODUCT IN FORTRAN 9/18/78 
CWttt*

DIMENSION A(2),B<2>
LEVEL 2,A,B

PROD=fl,

DO 10 M,K
PROD=PROD+AU)tBU)
DOT*PROD
RETURN
END

SYMBOLIC REFERENCE HAP <R»i)

ENTRY 
4

POINTS 
DOT

VARIABLES SN
8

IS
0

A
DOT
K

TYPE RELOCATION
REAL ARRAY F.P.
REAL
INTEGER F.P,

8 B
17 I
16 PROD

REAL
INTEGER
REAL

STATEMENT LABELS
8

LOOPS
11

il

LABEL
16

INDEX FROM-TO LENGTH
I 10 ii 3B

PROPERTIES
INSTACK

ARRAY F,P.

STATISTICS 
PROGRAM LENGTH

1308MB SCM USED
28B 16
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i 5821000001
5032000001

5333C
63230

43400
43500

3 6140000000
61500011001

4 43608
5 40745

01441
66445

8145;
6 73ii lJ

73225
30667

7 0742000005
40745

30667
10 24606

04GQ00&ODO
ii

IDENT
JFUNCT1UN DOT(A,1

ENTRY
DOT BSSZ

SA2
SA3
SA3
SB2
HX4
HXS
SB4
SB5
MX6

LOOP FX7
RX4
SB4
RX5
 jXl

SX2
JX6
LT
FX7
FX6
m
E6
END

DOT
3,N) FOR
DOT
i
AUi
A2+1
X3
X3
(l
0
0
1
0
X4IX5
XI
MM
X2
XI +16
X2*B5
X6+X7
B4J<2,L!
X4*X5'
X6+X7
X6
DOT

44100

7600, A,B W LCM

ADDRESS OF A IN X2
ADDRESS OF N IN X3
FETCH Hi INTO X3
TRANSFER N MOM X3 TO B2
ZERO A
ZERO B
ZERO INDEX
USE FOR i
ZERO ACCUMULATION REGISTER
A*B fW OPT
FETCH A AT ADDRESS XI
INDEX COUNTER
FETCH B AT ADDRESS X2 
NEW ADDRESS FOR A 
INCREMENT ADDRESS FOR B

SUM NOU 
LOOP LOOP If INDEX.LT.N

Attl FOR LAST ELEMENTS
SUM LAST PRODUCT
NORMALIZE
RETURN

STORAGE USED 
760(1 ASSEMBLY

26 STATEMENTS 
16 SECONDS

2 SYMBOLS 
S REFERENCES



001 COMPASS V3/BKY20 8i GtP 79 13.17.09 PAbE
SYhBOLIC REFERENCE TARE, x- - O ~7

DOT 0 PROGRAM 2/03 E 2/04 L 2/25
LOOP S PRQGR'AMt 2/14 L 2/21
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(2 -SV
i SUBROUTINE GRS(LNUM,NGRAVS,COORD,THK,SM,YGRV,KW) 

C
DIMENSION COORD(3,i>,5M(i),XD(4) 
LOGICAL OUT 

5 COMMON/GRV/NGRAV,RHOF,DRHO(4),XF(8),NODG<4)
COHHON/PROB/HASHi^OLDWX^LENGTH^RA^GRAMS.GRAVB^NALT.NFLT^LAP, 

i NDIH,DISP
COH«ON/IO/KR,Kyi ; KP > KTi,KT2,KT3,OUT 

C 
ID C ASSUME VERTICAL GRAM FORCE YGRV

C (SHOULD BE NEGATIVE IF OUTWARD IS POSITIVE) 
C NGRAVS - NUMBER OF SURFACE NODES 
C NODG - LOCAL NODE NUMBERS AT INTERFACE 
C DRHO - LOCAL DENSITY DISCONTINUITY FOR NODE NODG(I) 

IS C (NOTE SIGN) 
C YGRV - VERTICAL GRAVITY 
C
C NOTE? DO NOT INCLUDE ELEMENTS WHICH ONLY JPEAK* AT SURFACE 
C

20 ctmmmtmmmtmmmtmttmtmmtttmmmmtmt
c

IF(NDItt,Efl, 3)15=1
XDi=ABS(COORD(i,NODG(i))-COORD(i,NODG(2)))t,5ITHK 

25 XD(i)=XDi 
XD(2)=XDi
IF(OUT)URITE(KU; iD)LNUM ) XDi,YGi(V 

19 FORHAT(iH0,20X,tENTRY GRS - ELEMENT NUMBERt,I6; /^X,
i tGRAVITATIONAL BODY FORCE -*,iPEii,3,2X,*DISCONTINUITIES - GRAVIT 

38 2Y=t,iPEli,3,/ ; iX / tLOCAL NODE NUMBER* ,5X,tLOCAL DENSITY JUMPK, 
3 SX.tSMIJt^X^SMGRt^X^SMdJ)*) 
IF(N£RAVS,LE,2)GOTO 700
XDi=HBS(COORD(i,NODG(3))-COORD(i,NODG(4)))»,5tTHK 
XD(3)=XDi

35 XD(4)=XDi 
900 CONTINUE

DO 1000 I=1,NGRAVS 
J=NODG(I)tNDIM-ID

40 SMIJ^SMdJ)
SMGRHfGRVtMHOmtXDa)
SH(IJ)=S«GR+S«IJ
IF(OUT)WRITE(KW,28)NODG(I) ; DRHO(I),SHIJ,SHGR,SH(IJ) 

20 FORMAT(5X / Iil,i0X,lPEii,3,5X,lP3Eli,3) 
45 1000 CONTINUE

RETURN
END

SYMBOLIC REFERENCE MAP (R=l)
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ENTRY POINTS 
3 GRS

VARIABLES SN
0
2
3
4

146
150
2
3
5
1
0
i
0

16
6
0

151
153

6

INLINE

COORD
DRHO
GRAV
GRAVS
I
IJ
KP
KTi
KF:
KWi
LNUH
NFLT
NGRAVS
NODG
OUT
SH
SMIJ
XD
XF

FUNCTIONS
ABS

TYPE
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
LOGICAL
REAL
REAL
REAL
REAL

TYPE
REAL

RELOCATION
ARRAY
ARRAY

ARRAY

ARRAY

ARRAY
ARRAY

ARCS

F,P.
GRV
PROB
PROB

10
10
10
10
F,P,

PROB
F,?.
GRV
10
F.P.

GRV

12
6
5
0

144
147

0
4
0
2

11
0

10
1
t»

152
D

145
0

DISP
GNALT
GRAVB
HASH!
IB
J
KR
KT2
KW
LENGTH
NDIM
NGRAV
NLAP
OLDVRK
RHOF
SHGR
THK
XDi
YGRV

REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
R£&
REAL
REAL

PROB
PROB
PROB
PROB

10
10
F,P.
PROB
PROB
GRV
PROB
PROB
GRV

F.P,

F.P,

1 INTRIN

STATEMENT LABELS 
101 16 FMT 137 20 FMT 41 900

LOOPS LABEL
45 1006

COMMON BLOCKS
GRV
PROB
10

INDEX
I

LENGTH
18
11
7

FROM-TO
37 45

LENGTH
24B

PROPERTIES

STATISTICS 
PROGRAM LENGTH 
SCM LABELED COMMON LENGTH 

130000B SCM USED

164B 
44B

EXT REFS

116
36
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C ? - f
i SUBROUTINE HEX8(X,C ; HROT,NOD > THEn,THaY ; THETX,XK,B > REFPT)

cmm*mmmmmmmtmmtmm*tmtjtmmm*mmmti
C HEXAHEDRON

5 C ARGUMENl LIST LEGEND
C i, X GLOBAL COORDINATES OF HEXAHEDRON
C 2, t 6X6 MATRIX OF LLASTIC CONSTANTS TOR ISQTROPIC HATERIAL
C 3, HROT NUMBER OF ROTATED NODES
C 4. NOD LOCAL NODE NUMBERS OF ROTATED NODES

10 C 5. mil EULER ANGLES FOR NODAL ROTATION ABOUT Z-AXIS
C 6. THETY EULER ANGLES FOR NODAL ROTATION ABOUT Y-AXIS
C 7, THETX EULER ANGLES FOR NODAL ROTATION ABOUT X-AXIS
C 8, XK MEMBER STIFFNESS HATRIX CALCULATED BY THIS SUBROUTINE
C 9. B MEMBER STRESS DISPLACEMENT MATRIX FOR REFERENCE POINT

15 C CALCULATED BY THIS SUBROUTINE
C 18. REFPT COORDINATES OF REFERENCE POINT CALCULATED BY THIS
C SUBROUTINE
cmmtmmnmtmmtmmmmmtmmmmmmmmttm
c

20 C, ,.,,,,,,,. .APRIL 3, 1973 VERSION. ,,.,,,,,,,,,,,,,.,,,,.,.,,,,.,,.,,,,, 
C

DIMENSION X(24), C(6,6), NOD<8), TBETZ(O), THETY(B), THETX (8), XK(
1311), B<6,25), REFPT(3) 

C INTERNAL - TEMPORARY STORAGE 
25 DIMENSION IQX(27) > IQY(27),IQZ(27),XX(3,27),M(27) / YJ(3 > 3) / Q27(7)

DIMENSION IX(2,3),IFi(4,3),IF2(4,3),F<3,3),XJa,3>
DIMENSION T(3,3,8),EK<24,24)
DIMENSION EE(9),XE<9),IE1(3,3),IE2(2,3),YF(8),XF<8>
DIMENSION ZF(8),ID(24),BB<6,24) 

38 DATA IQX/1,2,1, 1,3,1, 1, 4,5,4,5,5,5,4,4,4*1, 6,6,7,7,6,6,7,7,'
DATA IfiY/i, 1,2,1, 1,3,1, 4,5,5,4,5,4,5,4, 6,6,7,7, 4*i,6,7,6,7/
DATA IQZ/3tl,2,i, 1,3,4, 3*5,314,5, 6,7,6,7,6,7,6,7,4117
DATA «27/0, 0,0,848418011, -8. 848418811, 0. 652816472, -0. 652816472,1.1
106412899,-i. 1064128997 

35 DATA IX/2,3,l,3,2,i/
DATA lFl/1,3,5,7,1,3,5,7,1,8,2,7/
DATA IF2/2,4,6,8,4,2,8,6,5,4,6,3/
DATA IEi/l,9,B,9,3,7,C,7,6/
DATA IE2/2,9,4,8,S,7/ 

40 DATA ID/l,4,7,il, 13,16,19,22,2,5,8, 11, 14, 17,2»,23,3,6,9,12,15,i8,2
II, 24/
DATA U/8 . 788073483,6tO , 499369082,8*0 , 478518449, 12*6 . 932303742/
DO i 1*1,27

45 XX(2,I)*fl27UQYU))

DO 29 1=1,3 
EEU+6)=C(3+I,3+I) 

50 DO 20 J=i,I

20 EE(K)=C(I,J) 
DO 11 1=1,310 

11 XK(I)=0,0 
55 DO 15 K=l,27
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00 5 1=1,3 ( <? ~ f ^> 
XA=XXUX(1,I),K) 
XB=XX(IX(2,I),K)
FU,IFi(i,I)>=-0,i2SI(i,-XA)ia,-XB) 

60 F(I,IFi<2,I»=fl,1251(1,+XAW1.-XB) 
Fa,IFi<3,I))=-0,125*(i -XA)*(i.+XB> 
FU,IFi(4,l))=l,125*<i.fXA)*(i,+XB> 
DO 5 J=i,4

5 FU,IF2<J,I))=-FU,lFi(J,I)) 
65 DO 6 1=1,3 

DO 6 J*i,3 
XJ<I,J)=0.0 
DO 6 L=i,8

6 XJa,J)=XJ(I,J)*F(I ; L)*X(J+(L-i)t3) 
70 YJ(i,l)=«XJ(2,2)tXJ(3,3)-XJ{2,3)IXJ(3,2>

YJ(l,2)=XJ(l,3)tXJ(3,2)"XJ(i,2)»XJ(3 > 3)
YJ(l > 3)=XJ(l,2)*XJ(2,3)-XJ(l,3)tXJ(2,2)
YJ(2,l)=XJ(2,3)tXJ(3,i)-XJ(2,l)IXJ(3,3)
YJ(2,2)=XJ(i,i)tXJ(3,3)-XJ<i,3)*XJ(3,i) 

75 YJ(2,3)=XJ(i,3)tXJ(2,l)-XJ(l,i)*XJ(2,3)
YJ(3 > i)=XJ(2,i)tXJ(3,2)-XJ(2,2)»XJ(3,i)
YJ(3,2)=XJ(i,2)tXJ(3,i)-XJ(i,i)IXJ(3,2)
YJ(3,3)=XJ(i,i)*XJ(2,L')-XJ(i ; 2)tXJ(2,i)
DEMJ(i,i)IYJ(i,i)*XJ(2,i)*YJ(i,2)fXJ(3,i)m(i > 3) 

80 DO 7 M ;3
DO 7 J=i,3

7 YJ(I ; J)=YJ(I,J)/DET
DO 8 1=1,8
00 9 J=i,3 

35 XF(J)^OJ
00 9 L=i,3 

9 XF(J)=XF(JHYJ(J,L)*F(L,I)
DO 8 L=i,3 

C l: a,I)=XF(L) 
9fl IF'.K .GT, i) GO TO 114

DO 111 M,3
DO ill J»i,3
JJ=(J-i)$8
DO Hi L=i,8 

95 ill B(I,JJ+L)=C(I,J)*FU,L)
DO 112 1=1,3
11=1*3
DO 112 J=i,2
JJ=(IX(J ; I)-1)$8 

100 IJ=IX(3-J,I)
DO 112 L=i,8

112 B(IUJ+L)*C(Il,n)*F<IJ,L> 
DO 113 1=1,3 
11*1+3

l«rj IJ=(M)$8 
DO 113 J=i,8

113 BdlJJ*!)'!).
114 CONTINUE

XB*W(K)*DET 
110 DO 10 1=1,9
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( 7 '   7 
10 XE(I)=EE(I)tXB ^ c J c

DO 13 1=1,3
H»U-i)tt
XA=XEUEiU,i)) 

115 XB=XEUEi(I,2))
XC=XE(IE1(I,3))
DO 12 L=i,8
XF<L)=XAIF(i ) L)
YF(1>XB*F(2,L) 

120 12 ZF(L)=XCtF(3,L)
DO 13 1=1,8

DO 13 11=1,1
IST=IL*(IL~i)/2HM.L 

125 13 XKaST)=XKaST)+XFa)tF(i,LL)+YF(L)*F(2 ; LL)+ZF(L)*R3,LL)
IK=e
DO 15 1=1,2
11=1*8
DO 15 J=i,I 

138 IK=IK*i
JJ»(J-l)t8
IJ=IE2(i,IK)
JI=IE2(2,IK)
DO 14 1=1,8

135 XF(L)=XE(IJ)tF(I+i,L) 
14 YF(U=XE(JI)tF(J,L)

DO 15 1=1,8
DO 15 IJ=1,8
IST=(IM)$(II*L-i)/2+JJ+IJ 

148 15 XK{IST)=XK(ISTHXF(L)*F(J,IJ)+YF<L)*F(Hi,IJ>
L=fl
DO 17 1=1,24
IS=IDU)
DO 35 K=i,6 

145 35 BB(K,IS)=B(K,I)
DO 17 J=i,I

DET=XK(L)
IT=ID«J)

150 EK(ISJT)=DET 
17 EK(IT,!S)=DET

IF(HROT ,EQ. 0) GO TO 32
DO 26 K=l,8
DO 26 1=1,3

155 DO 27 J=l,3 
27 T(I,J,K)ae,l 
26 T(I,I,K)=i,fi

DO 28 K=i,HROT
KK=NOD(K) 

160 ZX=THETX(K)
ZY=TJ TY(K)
ZZ=THETZ(K)
CX=COS(ZX)
CY=COS(ZY) 

165 CZ=COS(ZZ)
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178

175

189

185

191

195

295

219

215

28

SX=SIN(ZX)
SY=5IN<ZY)
SZ=SIN(ZZ)
T(U,KK)=CYtCZ
T(i,2,KK)=SYtSXtCZ-SZICX
T(i,3,KK)*SY*CXtCZfSX*SZ
T(2,i,KK)=CY*SZ
T(2,2 > KK)=SXtSY*SZ^CX*CZ
T(2,3,KK)=SYICXISZ-SX«:Z
T(3,i,KK)*-SY
T(3,2,KK)=CY*SX

BO 18 1=1,8

DO 23 M,l 
JJ=(M)*3 
DO 19 K=i,3

DO 19 L=i ; 3

19 XJ(K,L)=EK(1K,JL)
DO 21' K=i,3
DO 22 L=i,3
YJiK,L)»l,
DO 22 IT*i,3 

22 YJ(K,L)=YJ(K,L)^J(K,IT)tT(IT,L,J)
DO 23 K=i,3

LL=3
IF(I ,EQ, J) LL»K
DO 23 L»1,LL

XK(IS)=i, 
DO 23 IT=i,3

23 XK(IS)=XK(IS)+T(IT,K,I)m(IT,L) 
DO 18 J=i>6 
DO 24 ^1,3 
XF(K)=i,fl 
DO 24 L=i,3 
IL=IM

24 XF(K)=XF(K)+BB(J,IL)*T(L > K,I) 
DO 18 K=i,3

18 B(J,IL)=XF(K)
GO TO 36 

32 L=0
DO 33 1=1,24
DO 34 J=i,6 

34 B(J,I)=BB(J,I)
DO 33 K=i,I

226

33
36 CONTINUE 

DO 39 1=1,3 
REFPT(I>*9,9
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225

DO 31 J=i,8
IS«U-i)*8+J
IMD(IS)

31 REFPT(I)=REFPT<mX(IJ) 
38 REFPT(I>*REFPT(I)t8,i2S

DO 48 J = 1,6 
40 B(J,25> = 1.

RETURN
END

c

SYHBOLIC REFERENCE HAP (R=i)

ENTRY 
3
POINTS 
HEX8

VARIABLES SN TYPE
0
8

1015
774
1547
766

2671
1346
776
1004
1823
1111
1083
1340
1085
1022
1818
1802

0
0

1020
1437

0
1265
771
1800
2728

0
2718
2730
1812

B
C
CY
DET
EK
I
1E1
IF!
II
IK
10X
IQZ
1ST
IX
JI
JL
KK
LL
NOD
REFPT
3Y
T
THETY
U
XA
XC
XF
XX
YF
ZF
ZY

EXTERNALS
COS

REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

TYPE
REAL

RELOCATION
ARRAY F.P,
ARRAY F.P.

ARRAY

ARRAY
ARRAY

ARRAY
ARRAY

ARRAY

ARRAY F.P.
ARRAY F.P,

ARRAY
ARRAY F.P.
ARRAY

ARRAY
ARRAY F,P.
ARRAY
ARRAY

ARGS
1 LIBRARY

2770
1014
1016
2647
1376
2740
2702
1362
777
1001
1056
1006
1087
770
775
767
773

0
1331
1017
1021

0
0
0

772
2668
1426
1144
1328
1811
1013

BB
CX
CZ
EE
F
ID
IE2
IF2
IJ
IL
IQY
IS
IT
J
JJ
K
L
HROT
Q27
SX
SZ
THETX
THET2
X
XB
XE
XJ
XX
YJ
ZX
ZZ

SIN

REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL

ARRAY

ARRAY
ARRAY
ARRAY
ARRAY
ARRAY

ARRAY

ARRAY

ARRAY
ARRAY
ARRAY

ARRAY
ARRAY
ARRAY
ARRAY

1 LIBRARY

F,P

F.P
F.P
F,P
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STATEMENT LABELS 
8 1 
8 7 
0 18 
6 13 
8 17 
6 20 
8 24 
8 28 

706 32 
0 35 
8 111 

261 114

LOOPS
11
22
26
35
48
47
72
182
183
186
147
158
155
168
162
171
281
285
211
224
231
241
253
256
265
278
381
311
321
335
348
352
361
371
414
424
433
452
456
457

LABEL
1
28
20
11
IS
5
5
6
6
6 »
n t

8
9
9
8
111
ill
ill
112
112
112
113
113
18
13
12
13
13
15
15
14
15
15
17
35
17
26
26
27

INDEX
I
I
J
I
K
I
J
I
J
L
I
J
I
J
L
L
I
J
L
I
J
L
I
J
I
I
L
L
LL
I
J
L
L
IJ
I
K
J
K
I
J

FROH-TO
43
48
58
53
55
56
63
65
66
68
88
81
83
84
86
88
91
92
94
96
98

181
193
186
118
112
117
121
123
127
129
134
137
138
142
144
146
153
154
155

46
52
52
54
148
64
64
69
69
69
82
82
89
87
87
89
95
95
95
182
182
182
187
187
111
125
128
125
125
148
148
136
148
148
151
145
151
157
157
156

9 
D 
8 
8 
8 
8 
8 
8 
8 

732 
8

LENGTH
5B

12B
3B
2B

346B
32B
4B
12B
7B
3B
4B
2B

2iB
6B
3B
2B

17B
11B
2B

25B
13B
2B
6B
2B
2B
43B
5B

17B
6B
47B
41B
3B

16B
5B

38B
2B
4B

17B
5B
2B

5 
8 
11 
14 
18 
22 
26 
38 
33 
36 
112

PROPERTIES
INSTACK

INSTACK
INSTACK

INSTACK

INSTACX

INSTACK

INSTACK
INSTACK

INSTACK

INSTACK

INSTACK
INSTACX

INSTACK

INSTACK

INSTACK

INSTACK

INSTACK
INSTACK

INSTACK

NOT

NOT
NOT

NOT
NOT

NOT

NOT
NOT

NOT
NOT

NOT
NOT

NOT

NOT

NOT

NOT
NOT

NOT

NOT

NOT
NOT

INNER

INNER
INNER

INNER
INNER

INNER

INNER
INNER

INNER
INNER

INNER
INNER

INNER

INNER

INNER

INNER
INNER

INNER

INNER

INNER
INNER

8 6
8 9

12
15
19
23
27
31

8 34
8 48
8 113

C
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LOOPS
472
544
552
556
557
567
572
575
611
622
626
650
655
668
670
713
717
725
736
740
747

LABEL
28
13
23
1?
19
22
22
22
23
23
23
10
24
24
10
33
34
33
30
31
49

INDEX
K
I
J
X
L
K
L
IT
K
L
IT
J
K
L
X
I
J
K
I
J
J

FROH-TO
158
178
180
182
184
187
188
190
192
196
199
201
202
204
207
212
213
215
219
221
226

177
209
200
186
186
191
191
191
260
200
200
209
206
206
209
217
214
217
225
224
227

LENGTH
45B

141B
71B
5B
3B
15B
7B
3B

25B
10B
3B

26B
7B
36
2B
17B
2B
2B
10B
3B
2B

PROPERTIES

INSTACK

INSTACK

INSTACK

INSTACK
INSTACX

INSTACX
INSTACK

INSTACK
INSTACK

EXT
NOT
NOT
NOT

NOT
NOT

NOT
NOT

NOT
NOT

NOT

NOT

REFS
INNER
INNER
INNER

INNER
INNER

INNER
INNER

INNER
INNER

INNER

INNER

STATISTICS 
PROGRAM LENGTH

130000B SCH USED
3221B 1681
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10

15

SUBROUTINE IORDER2(NUH,IX f Y,NY,LVDIMUX> 
C ORDERS IN ASCENDING VALUE - X(LYDIN) AND Y(LYDIH,NY) ACCORDING TO
C IX(NUH)

DIMENSION IX(i),YaYDIH,i),AUXW
LOGICAL AGAIN
LEVEL 2,IX

i LAST=NUH-i 
100 A6AIN=. FALSE. 

DO 21 I=i,LAST 
IFUX<W),GE.IXU))GOT028

IXU)-IX(M)

5 IF(NY.EQ.8)GOTO 19 
DO 6 J=i,NY

6 AUX(J)*Y(I,J)
DO in M,NY 

18 Y(I,J)=YU+i,J)
DO 15 J*1,NY 

15 Y<W,J)=AUX(J) 
19 AGAIN:. TRUE. 
28 CONTINUE

IF(AGAIN)GOTO 108
RETURN
END

SYHBOLIC REFERENCE HAP <R=i)

ENTRY POINTS
3 IORDER2

VARIABLES SN
54 AGAIN
56 I
57 IXi
55 LAST
0 HUH
8 Y

STATEHENT LABELS
8 1
0 10

47 20

LOOPS LABEL
16 28
27 6
35 10
44 15

TYPE
LOGICAL
INTEGER
INTEGER
INTEGER
INTEGER
REAL

1

ARRAY

INACTIVE

INDEX
I
J
J
J

FROH-TO
11 24
17 18
1920
21 22

RELOCATION

F,P, 
F.P.

0 AUX
0 IX

60 J
0 LYDIfl
0 NY

REAL
INTEGER
INTEGER
INTEGER
INTEGER

ARRAY
ARRAY

F,P,
F.P

F.P
F,P

0 5
8 15

14 108

INACTIVE 8 6
46 19

LENGTH
32B
2B
2B
2B

PROPERTIES

INSTACK 
INSTACK 
INSTACK

NOT INNER
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STATISTICS C Z - ^ & 
PROGRAM LENGTH 6SB 53 

1301088 SCH USED



C CLEMENT GENERATOR LIBRARY
C FOUR -NODE PLANE STRESS/PLANE STRAIN QUADRILATERAL
C
C

C ARGUMENT LIST LEGEND
10 C i, COORD - CORNER COORDINATES IN Cw OR tcy QTO? Xi,Yl f Zl,X2,...

C ...,Z4 J I f DOMINATES ARE NOT USED BY THIL SUBR
C 2. THK - ELEMENT THICKNESS IN Z DIRECTION
C 3. TL'iiP - CHANGE FROM REFERENCE TEHPERATURE AT ELEMENT CORNERS
C 4, C - 3X3 ELASTIC CONSTANTS fttTRIX (PLANE STRESS OR PLANE

IS C STRAIN' ISOTROPIC OR ANISOTROPIC)
C S, NROT - NUMBER OF NODES (CORNLRS) AT WHICH ROTATION TO SKEWED
C COORDINATE SYSTEM FOR MIXED BOUNDARY CONDITION 13 TO
C BE PERFORMED
C 6, NODE - VECTOR CONTAINING LOCAL NODC NUMBERS OF NODES AT yHICH

20 C ROTATIONS ARE TO BE PtRf-ORMED
C 7, ANGLE - ROTATION ANGLES (IN KADIAN rtEASL'RE) CORRESPONDING TO
C NODE VCCTOk
C ?, F ELtHtKT CONSISTENT NODAL FORCES ARE PLACED HtRC
C 10, SM - ELEMENT STIFFNESSES IN LTV FORh ARE PLACED HERE

25 C ii, B - ELEMENT STRESS -DISPLACEMENT TRANSFER MATRIX 13 PLACED
C HERE
C 12. LNUM USERS ELiMFN; NUMBER
C 13, KU FORTRAN UNIT NUMBER FOR ON-LINE PRINTER AT USERS
C COMPUTING FACILITY

C, ,,,..,..,, .APRIL 3, 1973 VERSION. ,,,.,..,...,.,,,,,,..,.,.,.,.,,..,.,. 
DIMENSION COORD( 12}. TEN?(4>, C(3,3) t NODC(4), ANGLE(4), Fi'6), 

2 5M(36), B(3,9) 
LOGICAL QUT,GRAV& 

35 C INTERNAL    ARRAYS FOR QUADRATURE DATA
DIMENSION Ai<3,3:>, A2i3,3), A3(3,3), A4(3,3), 6i(J,3), 22(3,3),

2 B3i3>u), B4(3,3), BSii,3), B6i'3,3), B7(3,3), B8(3,3), Gi3,3),
3 XIi3), ilTA(3) f Wi3) 

C INTERNAL -'TEMPORARY STORAGE 
40 DIMENSION BB(3,8>, £(3.&), EE<8,fi), FFiS), kT(8,6>

C SET UP DATA FOR 3X3-POINT GAtlOSlAN OUADRATUREi ON UNIT GQ'M'E 
C COORDINATES

DATA Xi/-fl,77459b7,0, t il,7?45967/ 
DATA LTA/-0 . 774Sv£, ' , i) . , fl , :7745967/

4-3 c WEIGHT:.
DATA tf/ 8 , 1^535556 , 0 . 888D889 , 0 , S55SG5&/ 

C PRODUCTS
DATA Hl/3. 149193,1. 774i97.0,4,i.?7459:M.>fl.2254033,iJ. 4,0. :-254»33 ) 

2 0.05080665/
53 DATA A2/fl.4,i, 774597,3.149193,1), 2254fi33,i M i, 774597,8. J5C88665, 

2 0. 2254033 >0,4/
DATA A3/fl.i»508fl6i5,fl. .'254033,0,4,0. ̂ 5403^,1. t i,774S'/7,fl. 4, 

2 i.774597,3,149193/
DATA A4/0, 4, 0.2254033,0, 05080665, 1.7: i 459?,i.,0,22S4a?.3 l 3.149i93, 

S5 2 1. 77459? ,0.4/

SUBROUTINE QUAD4 76/76 OPT=2 FTN 4,7+485/2 5 85 SEP 7? i9.58.22 PAGE



C PRINT IDN'fROL
9111 FQkMATiiHu,42X,3iHFOUR NODE QUADkl LATERAL ELEHENT,IS,/,52X f i8HCORfi 

2E* COORDINATES,/, 14X,?4H----Xi--~-   - Yi~~   -X2-- -  12
3..... ..-.-x3  -   -Y3-   -   XI---   --Y4   -,/ l i4X,

60 4 8(E19,5,2X»
902 FGMAT(iHe,40HDEG£NL'Rfi]L ELEMENT* EXECUTION TEKHINATlS)
903 FORHAKiHflfSSHBOOMCRANt ELEMENT' EXECUTION CONTINUES)
904 F!JRHAT\iiiO,* ZERO THICKNESS OR ELASTIC CONSTANTS S1IFFNtSS=ZERO*) 

C ENTRY? DEGENERACY AND OTHER CHECKS 
65 3(i,?) = 0. 

BC.Y;) = o.
8(3,?') = 0,
IFLAi? = £

C tOORDINftTE TRANSFER 
70 Xi = CCORD(i)

Yi = LOORD(2)
X2 - COflRD(4)
YZ = LOORO(S)
X3 '- COORDC7) 

75 Y3 = COOR»(8)
X4'--- C30kD(iO,'
Yf - COOK'Diii) 

C AREAS
Ai23  

A124 -;
A234 = ABS(X3*Y4+X**Y2tX2*Y3-X4»Y3-X2*Y4- <3*Y2) 

C CHECK ELASTIC. CONS! ANTS ANP THICKNESS
['011 = 1,3 

OS iMM J = 1,3
IF :.Li:J)' NE. 0,.' CO H) 2

1 CONTINUE 
IFLAIi - 1

2 IF CiHK ,EQ. ii.) IFLAG = i 
 ?0 C BOOHERANG

IF =Ai23*Ai34 .NE. 0.) tiFF = ABS«ni23<Ai34-Ai24-A234)/(Ai23 
2 *fii34.«)

IF (DIFr ,GT, 0.3) IFLAG = IflAGfJ 
C DEGENEKACV

93 If »A123+A234 ,E8, 0. ,0«, A124^A234 .E6. 0.) IFLAG = 4 
C DUMP KLSULTS OF TESTS

IF ilfLKfi ,EQ. 0) GO TO 3 
WRITE iKy,90i) LflU«,Xi,Yl > X2 > Y2,X3,Y3.X4,Y4 
IF ullAfi ,EQ, i .Ok. I! LAG .EQ. 3) idS'JTE (KW,904) 

iOS IF ilFLAG .EQ, 2 .OR. IFLAG .EQ, 3) WRIFE iKW/-'fl3) 
If i IFLAG .NE. 4) GO TO 3 
WITE iKW,902) 
STOP

1006 CONTINUE 
IDS F2=0, 

F4=0.

FG-RHOIiHKIYGRV/64. 
iiC iOTO iO!6
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^ Z ~UHOC CONTINUE

r4=F4^BS((-I,-XI(I))*C(IJ)l(i,-ETA(J)))«(I)*y(J)
core iiio

1200 CONTINUE 
F2=FG*F2

120 F6=FG*F6 
F8=FG*F8 
F(2)=F2+F<2) 
F(4)-f4+F(4)

125 F(3)=F8+F(8)
IFiOUT)«RlTE(J(y,i21li)LNUM,F2 > F4,Fi l F8 

1201 FORMAT'* ELEMENT'* , IS, t NODAL GRAV FORCE=* l iP4EiO,2)
GOTO i2il

C PERPARE FOR CALCULATION OF STIFFNESS MATRIX 
130 3 DO 4 K = 1,36

4 3«(K> = 0.
IFiGRAVB,ANJ),RHOJEJ,)COTO iflOO 

IDiO CONTINUE 
C PRE-GAUSS COMPUTATION'S 

135 DO 5 I - i,3 
DO S J = 1,3 

C JACOBIAN
G(i v j.» - (Ai(I,J)ffi2(I > J))*(Xi*Y2-X2IYi)t(A2(I > J)*A3(I,J))*(X2*Y3 

2X3*y2)f-(A3(I > J)^A4(IJ))*(X3»Y4-X4*y3)MA4«I,J)iAi(I / J))»(X4*Yi- 
140 3Xl*Y4)+(A2(IJ)-A4<I.J)>t(X3*yi-Xi*y3)*(Ai(I 1 J)-A3(I l J))*(X2»y4- 

4X4*Y2)
I1; (GRAVB,AND,RHO,»E,I),)GOTO 1100 

iiiO CONTINUE
C CENTRAL JACOBIAN TERH FOi? GTRESS-DISPLACEHENT MATRIX 

145 IF (I .EO, 2 .AND. J ,ES, 2) GC = i./G(2,2) 
C UEIGHTING FACTORS X i/JACDBIAN

G(I.J) = ABS(2,*y(I)*y(J)/G(I > J)) 
C STRAIN-DISPLACEMtN'l HATRIX ENTRIES

BiilJ) = Ai(I,J)*(Y2~Y4)+A4{I > J))C(Y3-Y4)fA2(I,J)*(Y2-Y3)
150 B3(I,J) = A2(I,J)t(y3-Yl)+A3(I,J)»(Y3-Y4)>Ai(I,J)i(y4-Yl)

BS(i.J) = A3(l,J)*(Y4-Y2)+A2(I > J)*(Yi-Y2)*A4(l,J)*(Y4-Yi)
B7(i,J) = A4(l,J)*(Yi-Y3)*Ai(l l J)t(Yl-Y2)*A3(l,J)XY2-Y3)
B2(IJ) = Ai(I t J)*(X4-X2>+A4U,J)*(X4-X3)+A2(I,J>*(X3-X2)
B4(i,J) = A2(I,J)*(Xi-X3)+A3(I > J)*(X4-X3)tAl(l > J)*(Xi-X4)

155 B6iI,J) - A3(I > J)*(X2-X4)+A2(I,JX(X2-X1)*A4(I ; J)*(X1-X4)
5 BSaj) = A4(I > J)*(X3-Xi)fAi(I,J)*(X2-Xl)+A3(IJ)*(X3-X2)

IF(GRAVB,AND.RHO,NE,fl.)GOTO 120C 
1210 CONTINUE

C GAUSSIAH QUADRATURES LOOP 
160 1)061 = 1,3 

DO L J = 1,3
Sh(i) = SH(i)>G(I / J)t(C(i > i))|!Bl(I > J)**2f2.*C(l / 3)*Bl( 

2 +C(3>3>tB2(I > J>**2>
SN(2) = SH(2)+ (I f J)t(C(l > 3)tti(I,J)«2*C(2 > 3)IB2(IJ)*l2 

16b 2 MC(i,2)+C(3 > 3))tBi(I,J)»B2(I,J))



SH(9) - SH(9HG(I,J)*(C(i,3)tB3(I,J>tt2+C(2,3)*B4(I,J)**2 
2 t(t(i ( 2)+C(3 1 3))*B3il,J)tB4(I,J))

180 GMdO) = SH(iO)+G(I,J)*(C(2,2)tB4(I,J)«2+C(3,3)tB3(I,J)«2 
2 f2JC(2,3)tB3(I,J)*B4(IJ))
SH(ii) = SH(ii)+G(I.J)*(C(i > i)*Bi(I,J)*B5(I,J)*C(i J 3)t(B2(I,J)* 

2 B5(I,J)*Bi(I,J)*B6(I,J))+C(3,3)IB2(I / J)tB6(I,J))
GH(12) = SM(12)+G(I,J)*(C(i l 2)*B2(IJ)IB5(I,J)+C(i,3)«Bi(l,J)* 

185 2 B5(I l J)+C(2,3)*B2(I,J>*B6(i,J)+C(3 f 3)*Bi(I,J)tB6(l,J))
SW13) - SN(i3)+G(I > J)*(C(i»i)tB3(I,J)IBS(I,J)+C(i,3)*(B4(I,J)* 

2 BS(I,J)tB3(I > J)*B6(I,J))+C(3,3)*B4(I,J)*B6CI,J))
Chii4) = SH(i4)+C(l,J)*(C(i > 2)*B4(I,J)*B5(I,J)+C(i,3)*B3(I,J)$ 

2 BS(I,J)+C(2,3)tB4(I,J)IB6(I l J)+C(3,3)*B3(I > J)tB6(i,J)) 
i?0 SM(i5) = SH(i5)+G(I,J)l(C(l ; i)tB5(I > J)*t2+C(3,3)*B6(I,J)W2 

2 +2.*C(i,3)*B5(I,J)*86(J ( J))
SH(16) = Smi6)+Ga,J)*(C(i,2)*Bi(lJ)*B6(I,J)+C<2»3)«B2(I,J)l

SM(17) = 3M(i7)+G(I > J)«(C(2 > 2)tB2(IJ)*B6(I > J)+C(2 > 3)*(Bi(I,J)* 
195 2 B6(I,J)+B2(I,J)tB5a,J))+C(3,3)*Bi(I,J)*BS(I,J))

SH(i8) - SH(iS)+G(I,J)*(C(i,2)tB3(I,J)*B6(I,J)tC(2,3)*B4(I,J)» 
2 B6(I / J)+C(i,3)*B3(l > J)*B5(I,J)+C(3 > 3)*B4(I >J)tB5a,J)) 
SM(19) = SH(i9)+G(I,J)*(C(2 > 2)tB4(I,J)tB6(I,J)tC(2,3)*(B3(I,J)* 

2 B6(I,j)+B4(I,J)*B5(I,J))+C(3 l 3)$B3(IJ)*B5(l > J))
200 SH(2§) = SM(2§)+G(I,J)t(C(i,3)*B5(I,J)«2+C(2 > 3)*B6(I,J)«2 

2 *(C(i,2)+C(3,3))*B5(I,J)tB6(I > J)) 
3«(2i) - SM(2i)+G(l > J)*(C(2,2)*B6a,J)«2tC(3,3)tBS(I,J)tt2

SH(22) = SM(22)*G(I,J)t(C(i,i)*Bi(I l J)tB7(I,J)+C(i,3)*(B2(I,J)l 
205 2 B7a l J)+Bi(I l J)«B8(I,J))+C(3,3)»B2(I l J)tB8(I,J))

DH(23) = SH(23)+G(I,J)*(C(i,2)*B2(I > J)*B7(I / J)*C(i > 3)*Bi(I,J)» 
2 B7(I,J)+C(2,3)*B2(l,J)*B8(I,J)+C(3,3)*Bi(I > J)*B8(I,J» 
S«(24) = SH(24)+G(I ? J)*(C(i l i)*B3(I,J)tB7(I,J)+C(i,3)*(B4(I,J)t 

2 B7(IJ)+B3(I,J)*B8a,J))+C(3 ; 3)*B4(I,J)$B8(I,J))
210 GH(25) = SH(25)+G(I,J)*(C(i,2)tB4(I,J)tB7(l,J)+C(i,3)$B3(I,J)$ 

2 B7(IJ)+C(2,3)*B4(I > J)tB8(I,J)+C(3 l 3)*B3(I,J)tB8(I,J)) 
SM(26) = SH(26)+G(I,J)*(C(i l i)*B5(I > J)*B7(I,J)+C(i,3)*(B6(I,J)* 

2 B7(I > J)-»B5(I,J)*B8(I > J» (3,3)*B6(I,J)*B8(I,J)) 
5«(27) = SM(27)+G(l,J)l(C(i > 2)*B6(I,J)tB7(I > J)+C(i > 3)tB5(I,J)t 

215 2 B7(I,J)*C(2 l 3)*B6a,J)*B8(I > J)+C(3,3)*B5(I,J)tB8(I,J))
SH(28) = SH(28)+G\I,J)*(C(i,i)tB7(I ? J)«2+C(3,3)tB8(I > J)W2 

2 +2,*C(1,3)«B7(I,J)*B8(I,J))
SH(29) = SH(29,HG(I,J)*(C(i,2)*Bi(I,J)*B8(I > J)*C(2,3)*B2(I,J)* 

2 B8(I > J)+C(i,3)*Bi(I,J)*B7(I > J)+C(3,3)IB2(I >J)tB7(i,J)) 
220 SH(3fl) = SH(30)-fG(I > J)*(C(2,2)*B2(I,J)*B8(I,J)+C(2,3)*(Bl(I > J)*
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3H<3) - 3H(3,UG(IJ)*(C(2 > 2)*B2(I,J>**2+2,*C(2,3)*Bi(I > J)*B2(I > J) 
2 ft(3,3)*Bt(I,J)tt2)
SH(4> - 5H(4)+G(I,J)l(C(i,i)*Bi(I,J)*B3(I,J)*C(i > 3)*(B2(I,J)* 

2 B3ajHBi(IJ)*B4(IjmC(3,3>*B2(I,J).1tB4(I,J))
170 SM(5)'= SM(5)+G<U)tk(i,2)IB2(IJ)tB3(l,J)+C<i,3)*Bi<I,J)* 

2 B3(I l J)+C(2,3)*B2(l,J)*B4(I ; J)+C(3,3)*Bi(I,J)»B4(I / J))
3Hi6) = SM(6)+C(I,J)*(C(i > i)*B3(I,J)**2+2.*C(i,3)*B3(I,J)m(I,J) 

2 +C(3,3)tB4(I,J>«2)
SM(7) = JJM(7)+C(I,J)*(Ca,2)*Bl(I,J)*B4(I,J)+C(2 ; 3)*B2(I > J)t 

175 2 B4(IJHC(i l 3)*BiU,J)*B3(I,JHC(3,3)*B2(I,J)*B3(I,J))
SMiO) ^ Sm8)+G(I,J)*(C(2 ;2)*B2(I t J)>B4(I,J)+C(2,3)i<Bi(I,J)$
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2 B8(IJ)+B2(I,l)»B7(I,imC(3,3)*Bi(I,l)*B7(l,l)) CZ.-6 
SW31) = SH(3i)+G(I,l)*(C(i,2)*B3(I,l)*B8(U)tC(2,3)*B4(I,l)* 

2 B8a,J)+C(i,3)*B3U,J)*B7(I,JHC(3,3)*B4U,J)*B7(I,J)) 
3M32) = SM(32)+G(I,l)<(C(2,2)*B4(I,J)*B8(I,lHC(2,3)*(B3U,J)lt 

225 2 B8<I,1)+B4(I,1)*B7(U)HC(3,3)*B3(I,1)*B7(I,1))
SN<33) - SM(33HG(U)*(C(i,2)«lS(I,l>*B8aj)+C(2,3)*B6(!,l)* 

2 88(I,J)+C(l,3>tB$UJ)*B7(I,l)+C(3,3>*B6(I,J)*B7(I,l)> 
SM(34) = SM(34)+GCI,J}*(Ci7,2)*B6(I,l)W8U,lHC(2,3)*(BS(I,l)* 

2 B8(IJHB6(I,J)*B7(IJ))tC(3,3>*B5<I,l)*B7(I,l))
238 SM(35) = SH(35)+G(I,l)*(C(i,3)«B7(I,l)**2+C(2,3)*B8(I,l)»2 

2 <(C(i,2)iC(3,3))*B7(l,J)*B8(I,J))
6 SH(36) = SM(36)+C(I,J)*(C(2 >2)tB8(I,J)t»2+C(3,3)tB7(I > J)*»2 
2 +2.*C(2,3)IB7(I,J)tB8(I,J)) 

C COMMON FACTOR 
235 D07K = 1,36

7 SM(K) = THK*SH(K)/32, 
C FORCES

8 DO 9 1 = 1,8
9 }"(!) = 0.

240 C STRESS-DISPLACEMENT MATRIX 
DO ID 1 = 1,2 
DO 10 J = 1,8

10 BB(I,J) = II,
BB(l.i) = 2,»(Y2-Y4)IGC 

245 BB(i,3) = 2,*(Y3-Y1)*GC
BB(i.'j) - -BB(1,1)
BB(i,?) = -BB(i>3)
BB(2 ( 2) = 2,*(X4-X2)*GC
BB(2,4) = 2,*(X1-X3)*GC 

250 BB(2,6) = -BB(2,2)
BB(2,8) = -BB(2,4)
DO 11 J = 1,7,2

11 BB(3,J) = 88(2,1+1)
DO 12 J = 2,8,2

255 12 BB(3,1) = BB(l,l-i) 
DO 13 1 = 1,3 
00 13 J = 1,8 
8(1,1) = fl, 
DO 13 K = 1,3

260 13 8(1,1) = B(I,1)+C(I,K)*BB(K,1) 
C ROTATIONS, IK ANY

IF (MOT .EQ. 0) GO 10 21 
C PREPARE ROTATION MATRIX

DO 15 1 = 1,8 
265 DO 14 1 = 1,8

14 KT(I,1) = fl.
15 RT(I,I) = 1, 

DO 16 N = 1,NROT 
1 = 2$NODE(N) 

270 I = 1-i
RT(I.l) = COS(ANGLE(N))

RT(IJ) = SIN(ANGUHN)) 
16 RT(1,D = -RT(1,1) 

275 C PREPARE TEMPORARY STORAGE
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\t "» it

DO 17 I - 1,8
FF(1) = F(I)
DO 17 J = 1,1 

280 X = X*l
Ed.J) = SNiK) 

17 E(J,I) = SN(X)
DO IS I = 1,3
DO 18 J = 1,8

285 18 BBd.,J) = Bd,J) 
C TRANSFORMATION

DO i? I - 1,8
Fd) = fl,
DO i? J = 1,8 

290 Fd) = FdHRTd,J)*FF(J)
IF (I .LE, 3) Bd,J) = D,
EEd.J) = 0.
DO 19 K = 1,9
IF d .LE. 3) B(I,J) - BdJHBBd,K)*RT(J,K) 

295 DO 19 N = 1,8
19 EEd,J> = EE(1,J)+RT(U)*E(X,N)*RT<J,N) 

C RECONVERT STIFFNESS MATRIX TO LTV FORH 
K = 5
DO 20 I -- 1,8

300 DO 28 J = 1J 
K - K+i

20 SM(K) = EEd,J)
21 RETURN 

END

 SYHBOLIC REFERENCE HAP (R=l)

ENTRY POINTS 
3

VARIABLES SN TYPE RELOCATION
0 ANGLE REAL ARRAY F.P. 1610 Ai REAL ARRAY

1571 A12J REAL 1573 A1Z4 REAL
1572 A134 REAL 1621 A2 REAL ARRAY
1574 A234 REAL 1632 A3 REAL ARRAY
1643 A4 REAL ARRAY 0 B REAL ARRAY F.P,
2006 BB REAL ARRAY 1654 Bl REAL ARRAY
1665 B2 REAL ARRAY 1676 B3 REAL ARRAY
1787 B4 REAL ARRAY 1720 B5 REAL ARRAY
1731 B6 REAL ARRAY 1742 B7 REAL ARRAY
17S3 B8 REAL ARRAY 0 C REAL ARRAY F,P,

0 COORD REAL ARRAY F.P. 1577 DIFF REAL
2036 E REAL ARRAY 2136 EE REAL ARRAY
2000 LTA REAL ARRAY 3 F REAL ARRAY F.P,
2236 FF REAL ARRAY 1604 FE REAL
1600 f-2 REAL 1601 F4 REAL
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VARIABLES 3N 1YPL
1602
1764

0
1560
1695

0
0
0

2246
0

2003
1561
1565

8
1564
1570

i"6

G
GRAVB
1FLAG
K
LNUH
NODE
OUT
kT
TEW
y
XI
X3
YGRV
Y2
Y4

EXTERNALS

INLINE

COS

FUHCT
ABS

REAL
REAL
LOGICAL
INTEGER
INTEGER
INTEGER
INTEGER
LOGICAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

TYPE
REAL

IONS TYPE
REAL

76/76 OPT=2 

RELOCATION

ARRAY

ARRAY

ARRAY
ARRAY
ARRAY

ARCS
i LIBRARY

ARG5

F.P.

F.P.
F.P.
F.P.

F.P.

F.P.

1603
1606
1575
1576

0
1607

0
0
0
0

1775
1563
1567
1562
1566

F8
GC
I
J
KW
N
NROT
RHO
SH
TKK
XI
X2
X4
Yi
Y3

SIN

FTN 4.7H

REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL

i INTRIN

STATEMENT LABELS
a
Q
0
3
8
0
0

1435
1475
147

1541

LOOPS
63
65

213
272
301
406
410

1105
1111
1114
1115
1137
1142
1146
1150
1155
1167
1170

i
4'-

10
15
16
19
?0i
704
ilOO
1281

LAifEL
i
1
4
5
rj

6
6
y
n

10
10
11
12
i3
13
13
15
14

FHT
FHT

FHT

INDEX
1 I
* J

K
t I
1 J
t I

J
K
I

t I
J
J
J

t I
* J

K
t I

J

FROH-TO
34 87
95 -37

130 131
135 156
136 156
160 232
161 232
235 236
238 239
241 243
242 243
252 253
254 255
256 260
2^7 260
259 268
264 267
265 266

73
0
s
a
9
0
0

1461
140
317
375

LENGTH
5B
2B
2B

77B
66B
474B
470B

£B
2B
4B
2B
2B
2B
16B
12B
3B
5B
2B

2' j

8
ii
14
17
20
902
1000
liiO
1210

INACTIVE

FHT

PROPERTIES

INSTACK
INSTACK

OPT
INSTACK
INSTACK

INSTACK
INSTACK
INSTACK

INSTACK

INSTACK

EXITS
EXITS

EXITS
ENTRIES

NOT INNER

NOT INNER

NOT INNER
NOT INNER

NOT INNER

NOT INNER

NOT INNEi?
EXITS

05 SEP 79 i9.S8.22 PAGE

ARRAY

ARRAY

F,P,

F.P, 
F,P, 
F.P, 
F,P,

1 LIBRARY

211 3
0 6
0 9
0 12
0 15
0 18

1330 21
1467 903
220 1010
171 1200

FHT
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LOOPS LABEL INDEX FRQH-TO LENGTH
ii75 16 * N

. i22i 17 1 I
1226 17 J
1237 18 t I
1241 18 J
1246 19 t I
1255 19 » J
1274 1? * K
1303 19 N
1323 20 * I
1325 2fi J

STATISTICS
PROGRAH LENGTH

120000B SCH USED

268 274
27? 282
279 282
283 285
204 285
287 296
28? 296
293 296
295 296
299 302
308 302

2420B

20B
13B
3B
SB
2B
52B
40B
iSB
4B
sr<
2B

1296

PROPERTIES
EXT REFS
NOT INNER

INSTACK
NOT INNER

INSTACK
NOT INNER
NOT INNER
NOT INNER

iNSTACK
HOT INNER

INSTACK
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i SUBROUTINE 
1INTGRK)

cwtmtmtmttmitmmttwmmmmwwittittmmttww
C FINITE ELEMENT ANALYSIS BASIC LIBRARY SUBROUTINE-VERSION 2 

5 C 
C

DIMENSION REAU(2),INTGRI(<2) 
LEVEL 2,REALK,INTGRK 
LEVEL 2,REALKK 

il DIMENSION A<3,3), B<3,3), IR<3), INFO(il), KDR<3), PERH(3,3),
2 PROTOR<3,3), ROTOR (3, 3), TEMPCO), TEHPR(3), TENPCC(3), TENPRR<3) 
LOGICAL OUT,DEBUGi,DEBUG2,SPACE 
COMMON /IO/ KR, KM, KP, KT1, KT2, KT3, OUT,DEBUG1 I DEBUG2 
COMMON /SIZE/ NET, NDT 

15 COMMON /BEGIN/ ICON, MOUNT, ILNZ,IMASTR,IQ, IK
COMMON /SHIFT/ KUNIT^LEN^BEGIN^END^NIN^KMAX^RDEGIN^END, 

1 KOFF,DISK,SPACE 
COMNON/KK /REAUK(2) ^ 

C
21 C VERSION 2 RELEASE 1,, CORRECTIONS TO SEQ, NOS, 71 THRU 76 (MARCH 1973) 

C 
C 
C
C PRINT CONTROL

25 9li FORMAT(1HM1X,26HROTATION REQUESTED AT NQDE,I1I,/,24X,29HASSOCIAT 
1ED MASTER MIOERS FOR t8X,5HFIRST>6Xl6HSECOND,7Xl5HTHIRDt3X t3HDOF >/ 
2,S4X,3(2X,I1I),/,27X,27NEULER ANGLES IN DEGREES ARE,8X,7HTHETA 2,5 
3X,7HTHETA Y^SX^THTNETA X,/,57X,3(2X; E1I,3))

912 FORMAT (1X,79HHALF TRANSFORM (K)t(THETA TRANSPOSE) MAS APPLIED TO 
3ft 1THE FOLLOWING DOF B&OM ROM,I1I ; 16N IN THE K MATRIX)

913 FORMAT (1I(2X,I1I))
914 FORMAT(1I3HMBOVE REQUEST INCONSISTENT DUE TO INEQUALITY OF LEADIN 

16 NON-ZERO ENTRY COLUMN MIOERS OF ARGUMENT ROVS,/,9X,3HROMX,11H 
2LNZE COL NO,/,3(2XI I1I I2X,I1I > /)) 

35 915 FORMAT <1X,41HEXECUTION TERMINATED IN SUBROUTINE ROTATE)
916 FORNAT (54MIABOVE REQUEST INCONSISTENT DUE TO REPEATED ROM NUOER)
917 FORNAT(73NIABOVE REQUEST INMLID DUE TO INCORRECT LOCATION OF UNDE 

1FINED ROM NUMBERS) 
IR(1)*IROM

41 IR(2)*JROM 
IR(3)«KROM

C PRINT ENTRY MESSAGE 
NNODE«IABS(NQDE)
IF(DOU62)WITE<KM,9I1)NNODE ; (IR(I) ;M ;3) ;ZANGLE >YANGLEIXANGLE 

45 C ESTABLISH DOF ROTATION LIMIT 
LIMIT « 3
IF (KROM ,LE, I) LIMIT * 2 
IFdRflH .GT, I ,AND, JROM .GT, I) GO TO 111 
MRITE(KM,9I7) 

51 MRITE(KM,9I5)
STOP

C GET LNZE COL NOS AND TEST FOR EQUALITY 
111 BO i I * UIHIT 

J « ILNZiIRd)-! 
55 1 INFOU) * INTGRK(J)
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IF (LIMIT ,EQ, 3 ,AND, INFO(i) ,E«, INFO(2) ,AND, INFO(2) ,EQ, 
2 INFO(3)) GO TO 2
IF (LIMIT ,E9, 2 .AND. INFO(i) .EQ. INFO(2)) GO TO 2 

C SOMETHING WRONG - PRINT ERROR MESSAGE 
61 WRITE (Ky,9M) (IR(I), INFO(I), I = i,LIMIT)

WRITE (KW,9IS)
STOP 

C CHECK FOR KEYPUNCH ERROR IN ARGUMENT LIST
2 IF (IROW .NE, JROW ,AND. JROW ,NE, KROW ,AND, KROW ,NE. IROW) 

65 2 GO TO 3
WRITE (KW,9I6)
WRITE (KW,9IS)
STOP

C OK TO PROCEED - FORM ROTOR MATRIX AFTER CONVERTING 
71 C ANGLES TO RADIAN MEASURE

3Z*3,i4i59tZANGLE/i8t,
Y = 3,i4i59»YANCLE/idl,
X = 3.i4i59IXANGLE/i8l,
ROTOR(i,i) * COS(Y)*COS(Z) 

75 ROTOR(i,2) * COS(Y)tSIN(Z)
ROTOR(i,3) = -SIN(Y)
ROTOR<2,2) = COS(X)tCOS(Z)fSIN(X)tSIN(Y)tSIN(Z)
ROTOR(2,3) * SIN(X)ICOS(Y)
ROTOR(3,3) * COS(X)tCOS(Y) 

81 ROTOR(2,i) * SlN(X)$SIN(Y)tCOS(Z)-COS(X)tSIN(Z)
ROTOR(3,i) « SIN(X)*SIN(Z)+COS(X)*SIN(Y)tCOS(Z)
ROTOR(3,2) = COS(X)tSIN(Y)tSIN(Z)-SIN(X)tCOS(Z> 

C SKIP X MATRIX SECTION IF A RE-ROTATION
IF(NODE .LT. I) GO TO 38 

85 C ESTABLISH LEAST AND LARGEST DOF NUMBERS FROM ARGUMENT LIST
LEAST * IROU
LARGST = JROW
DO 4 I * i,LIMIT
IF (IR(I) .LT. LEAST) LEAST = IR(I) 

91 IF (IR(I) ,GT, LARGST) LARGST * IR(I)
4 CONTINUE

IF(.NOT.SPACE)CALL SHIFT(REALKK,INTGRK,LEAST,LARGST) 
C APPLY (ROTOR)t(K) TO ROWS IROW, JROW, KROW - ONE COLUMN AT A TIME 
C FRON LNZE TO LEAST-i - SKIP SECTION IF LEAST ROW * 1ST ROW 

95 INIT = INFO(i)
IF (LEAST ,Efl, i ,OR, INIT ,EQ, LEAST) GO TO 8 
LAST * LEAST-i 
DO 7 MCOL * INIT,LAST

C GET ENTRIES OF K MATRIX INTO TEMPR, ZERO TEMPC 
ill DO 5 I = i,LIMIT 

J » IKOUNTtlRdM 
KADR » INTCRK(J)+MCOL-K(IFF 
TENPR(I) * REALKK(KADR)

5 TEHPC(I) » I, 
ilS C APPLY TRANSFORM

DO 6 I « i,LIMIT 
DO 6 J ' i,LIMIT

6 TEMPC(I) " TEMPC(I)4ROTOR(I,J)tTEMPR(J) 
C RESTORE TRANSFORMED COLUMN TO K MATRIX 

iil DO 7 I * i,LIMIT
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C 2-C c;
J = IKOUNT+IR(I)-i 
KADR = INTGRKUHMCOL-KOFF 

7 REALKK(KADR) = TENPC(I)
C TEST FOR ROMS INTERVENING BETWEEN IROW, JROW AND KROW 

115 8 IF (LARGST .EQ, LEAST+LIHIM) GO TO 26
cimtmimmimtmmmmtmmmmmmmmmtmtmm
C SPECIAL ALGORITHMS FOR INTERVENING ROWS
ctmmtimtmmmmmmmmmmttmtmmmmmmmt
C PRINT HEADING 

121 IF(DEBUG2)WRITE (KW,9I2) LEAST
C FIND VALUE OF MIDDLE ARGUMENT ROW IF 3 DOF ARE BEING ROTATED 

IF (LIMIT ,EB, 2) GO TO II 
DO 9 I = 1,3
IF (IR(I) ,NE, LEAST .AND. IR(I) ,NE. LARGST) MIDDLE = IRU) 

125 9 CONTINUE
C TEST TO SEE IF ARGUMENT ROWS HERE GIVEN IN ASCENDING ORDER, IF 
C NOT, A PERMUTATION SIMILARITY TRANSFORM MUST BE APPLIED TO THE 
C ROTOR MATRIX TO TRANSFORM THE INTERVENING ROWS PROPERLY

IF (IROW .LT, JROW .AND. JROW ,LT, KROW) GO TO IS 
130 II IF (KROW ,EQ, I ,AND, IROW .LT. JROW) GO TO 15 

C PREPARE STORAGE
DO 11 I = i,LIMIT 
DO 11 J » i,LINIT 
A(I,J> * I, 

135 PROTOR(I,J) = I,
11 PERM(I,J) = I. 

DO 12 I = i^IHIT
IF (IR(I) .EQ, LEAST) PERN(1,I) = i. 
IF (IR(I) ,EQ, LARGST) PERN<LIUIT,I) = i, 

140 IF (LIMIT .EQ. 2) GO TO 12
IF (IRQ) .EQ. MIDDLE) PERM(2 > I) = 1,

12 CONTINUE
DO 13 1 = UIMIT 

C APPLY SIMILARITY TRANSFORM 
145 DO 13 J * i,LIMIT 

DO 13 K = i,LIHIT
13 A(I,J) = A(I,J)+PERMU,X)tROTOR(K,J> 

DO 14 I = i,LIMIT 
DO 14 J » l^IMIT 

151 DO 14 K = i,LIHIT
14 PROTOR(I,J) = PROTOR(I,J)*A(I,l()tPERM(J,K)

GO TO 17 
C PERMUTATION NOT REQUIRED

15 DO 16 I = 1,3 
155 DO 16 J * 1,3

16 PROTOR(I,J) = ROTOR(I,J)
C INITIALIZE INFO VECTOR FILL INDEX AND ESTABLISH LOOP LIMITS FOR 
C INTERVENING ROWS

17 INFOX = I 
161 INIT = LEAST+1

C LAST ROW TO K DONE DEPENDS ON WHETHER 2 OR 3 DOF ARE BEING ROTATED 
IF (LIMIT .EQ. 2) LAST = LARGST-i 
IF (LIMIT .EQ. 3) LAST = MIDDLE-1

C LOOP OVER REMAINING COLUMNS, (PROTOft)t(K), AND FIRST ROWS, 
165 C (K)t(PROTOR-T), FROM INIT TO LAST - SKIP IF MIDDLE DOF = LEAST*!
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C WHEN 3 DOF ARE BEING ROTATED
IF (LIMIT ,EQ, 3 .AND, LAST ,EQ, LEAST) GO TO 25 

C THIS IS THE RE-ENTRY POINT IF 3 DOF ARE BEING ROTATED AND ROWS 
C INTERVENE BETWEEN MIDDLE AND LARGEST 

170 C
18 CONTINUE

IF(,NOT,SPACE.AND,(INIT,LT.RBEGIN.OR.LAST,GT,REND)) 
i CALL SHIFT(REALKK,INTGRK,INIT,LAST) 

C 
175 DO 24 NROW « INIT,LAST

C CHECK LNZE COL NO OF CURRENT ROW - IF .GT. LOWER ROTATED DOF, 
C WHICH * INIT-i, K NATRIX CONTAINS STORED OR NON-STORED ZEROS AND 
C BOTH ROW AND COLUNN TRANSFORM CAN BE SKIPPED

J = ILNZ+NROW-i 
180 IF (INTGRK(J) ,GT, INIT-i) GO TO 24

C INCREMENT INFO FILL INDEX AND STORE CURRENT ROW NUMBER 
INFOX = INFOX+1 
INFO(INFOX) = NROW

C IF TEN ROW NUMBERS HAVE BEEN COLLECTED, PRINT THEN AND RESET INDEX 
185 IF (INFOX .LT, 10) GO TO 19

IF(DEBUG2)WRITE (KW,903) (INFO(J), J = 1,10) 
INFOX « I

C GET CORRECT ABSOLUTE ADDRESSES FOR K NATRIX ENTRIES, REPLACING COLUNN 
C SECTORS ABOVE LOWER TRIANGLE BY ROW SECTORS BELOW, AND VICE-VERSA 

198 19 J = IKOUNT+NROW-1 
KDR(l) = INTGRK(J) 
J = IKOUNTH.AST 
KDR(2) * INTGRK(J)+HROW 
IF (INIT ,EQ, LEAST+1) GO TO 21 

195 KDR(2) * KDRdHINIM 
21 KDR(l) = KDRdHLEAST 

IF (LIMIT ,EQ, 2) GO TO 21 
J = IKOUNT+LARGST-i 
KDft(3) = INTGRK(J)+HROW 

2lff C PICK UP K NATRIX ENTRIES IN TEMPC, TENPR AND ZERO TEMPCC, TEMPRR
21 DO 22 I « i,LIMIT 

KADR = KOfi(I)-KOFF 
TEMPC U) = REAUK(KADR) 
TENPR(I) * REALKK(KADR) 

205 TENPCCU) * 0,
22 TENPRR(I) * ff,

C APPLY TRANSFORMS (PROTOR)t(TENPC) AND (TENPR)*(PROTOR-TRANSPOSE) 
DO 23 I = 1,LIMIT 
DO 23 J = i,LIMIT 

211 TENPCC(I) = TENPCC(IHPROTOR(I,J)*TEMPC(J)
23 TENPRR(I) = TEHPRR(I)+TEMPR(J)tPROTOR(I,J) 

C RESTORE TRANSFORMED VALUES TO K NATRIX
KADR = KDRdHOFF
REALKK(KADR) = TEMPCCd) 

215 KADR = KDR(2)-KOFF
IF (INIT ,E9, LEAST*!) REALKK(XADR) = TENPRR(2)
IF (INIT ,NE, LEAST+1) REALKK(KADR) = TEMPCC(2)
IF (LIMIT ,EQ, 2) GO TO 24
KADR = KDR(3HOFF 

229 REALKK(KADR) = TEMPRR(3)
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cz - 7
24 CONTINUE

C PRINT PARTIALLY FILLED INFO VECTOR IF THERE IS AT LEAST ONE ROW, 
C RESET INDEX

IF UNFOX ,EQ, I) GO TO 25 
225 inDEBU62)WRITE (K«,9§3) UNFOU), I * i,INFOX)

INFOX = 0 
C COMPLETION TEST

25 IF (LINIT ,EQ, 2 .OR, INIT .NE. LEASTfi) CO TO 26 
C CHECK FOR INTERVENING ROWS BETWEEN HIDDLE AND LARGEST 

231 If <NIDDLE+i ,EQ, LARGST) GO TO 26 
C RESET LOOP LIMITS, PRINT NEW HEADING 

INIT * MIDDLE*! 
LAST = LARGST-i
IF(DEBUG2)WRITE <KW,902) MIDDLE 

235 CO TO 18
citmmmtmtmtmimmtmtfmimmmmmmmimtmtt
C END OF SPECIAL ALGORITHM SECTION
citmmmmttmmimitmmmimmmmmmmmtmmti
C FOR 2X2 OR 3X3 K MATRIX ENTRIES DIRECTLY ASSOCIATED WITH DOF BEING 

241 C ROTATED, APPLY FULL SIMILARITY TRANSFORM
26 DO 28 I = i,LIMIT 

DO 28 J = i,I 
K = IKOUNWR(I)-i 
KADR = INTGRK(KWR(J)-KOFF 

245 IF (IRU) ,GE, IR(J)) GO TO 27 
K = IKOUNWRUM 
KADR = INTGRK<K)+1RU)-KOFF 

C STORE K MATRIX ENTRY IN A, ZERO B AND SYMMETRIZE
27 AU,J) = REALKK(KADR) 

251 B(I,J) = 0,
A(J,I) = A(I,J)

28 B(J>I) = 9, 
C APPLY HALF OF TRANSFORM, (ROTOR)t(A)

DO 29 I = i,LIMIT
255 DO 29 J « i,LIMIT 

DO 29 K = i,LIMIT
29 BU,J> = B(I,J)+ROTOR(I,K)»A(K,J) 

C PREPARE STORAGE
DO 31 I = i,LIMIT 

260 DO 30 J « i,LIMIT
30 AU,J) = 0,

C APPLY 2ND HALF OF TRANSFORM, (B)*(ROTOR-TKANSPOSE) 
DO 31 I * i,LIMIT 
DO 31 J * UIHIT 

265 DO 3i K = i,LIMIT
31 A(I,J) = A(I,JHB(I >X)tROTOR(J,K) 

C RESTORE TRANSFORMED VALUES TO K MATRIX
DO 32 I = i,LIMIT
DO 32 J = i,I 

279 K = IXOUNT+IR(I)~i
KADR = INTGRK(K)*IR(J)-KOFF
IF (IR(I) ,GE. IR(J)) GO TO 32
K = IKOUNT+IR(J)-i
KADR = INTGRK(K)*IR(IHOFF 

275 32 REAUK(XADR) = A(I,J)
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C^~ 7 2
C APPLY (K)t(ROTOR-TRANSPOSE) TO ROWS BELOW LARGEST IF LNZE COL NOS 
C ARE ,LE, LEAST, (IF LNZE COL NO IS ,GT, LEAST, THE ROW CONTAINS 
C STORED OR NON-STORED ZEROS IN COLUMNS IROW, JROW, KROW AND CAN 
C BE SKIPPED,) - SKIP TMIS SECTION IF LARGEST DOF = NDT 

288 IF (LARGST ,EQ, NDT) GO TO 38
C PRINT NEW HEADING, RESET LOOP LOWER LIMIT AND INFO INDEX

IF<DEBUC2)WR!TE <KW,982) LARGST
INIT « LARGST+i
INFOX = I

285 DO 37 MROW * INIT,NDT 
C CHECK LNZE COL NO

J = ILNZ+NROW-i
IF (INTGRK(J) ,GT, LEAST) GO TO 37 

C INCREMENT INFO INDEX, STORE ROW NUMBER 
291 INFOX = INFOX+i

INFO(INFOX) = MROW 
C IF INFO VECTOR IS FILLED, PRINT AND RESET INDEX

IF (INFOX ,LT, il) GO TO 33
IF(DEiUG2)WRITE (KU,903) UNFO(I), I = 1,18) 

295 INFOX = I
C GET ENTRIES OF K MATRIX INTO TEMPC, ZERO TEMPR

33 K = IKOUNT+MROW-i 
C

IF(,NOT,SPACE,AND.(MROW,LT,RBEGIN,OR.MROW.GT,REND)) 
311 i CALL SHIFT(REALKK,INTGRK,MROW,MRDW> 

C
K = iNTGRK(KHOFF 
DO 34 1 = i,LIHIT 
KADR = K+IRU) 

305 TEMPCQ) = REALKK(KADR)
34 TEMPR(I) * I, 

C APPLY TRANSFORM
DO 35 1 = i,LIMIT 
DO 35 J = i,LIMIT

311 35 TEMPR(I) * TENPR(IWENPC(J)*ROTOR(I,J) 
C RESTORE TO K

DO 36 I = i,LIMIT 
KADR = K+IR(I) 

36 REALXK(KADR) = TEMPR(I) 
315 37 CONTINUE

C CHECK FOR PARTIALLY FILLED INFO VECTOR 
IF (INFOX ,EQ. I) GO TO 38 
IF(DEBUG2)WRITE (KW,9I3) (INFOU), I = 1,INFOX) 

C APPLY TRANSFORM (ROT(K)I(Q) TO ASSEMBLED ELEMENT EQUIVALENT 
320 C MODAL FORCES

38 DO 39 I = 1,LIMIT 
J = M+M<I)-i 
TEMPR(I) = REALK(J)

39 TEMPC(I) = 0,
325 DO 40 I * i,LIMIT 

DO 40 J = i,LIMIT
41 TEMPC(I) = TEMPC(I)^ROT(K(I,J)tTEMPR(J) 

DO 41 1 = i,LIMIT 
J = HHRdM 

330 41 REALK(J) * TEMPC(I)
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RETURN 
END

SYMBOLIC REFERENCE HAP <R*i)

ENTRY POINTS
3 ROTATE

VARIABLES
1376 A

7 DEBUG!
11 DISK
6 ICON
1 IKOUNT
3 IHASTR

1373 1NFOX
1 INTGRK

1421 IR
1357 J
1372 K

2 KBEGIH
3 KEND
5 KMAX
19 KOFF
1 KR
3 KTi
5 KT3
1 KW

1366 LAST
1356 LIMIT
1371 MIDDLE

1 NDT
1354 NNODE

6 OUT
1451 PROTOR

1 REALK
7 REND
12 SPACE

1511 TEMPCC
1504 TEMPRR

1 XANGLE
1 YANGLE
& ZANGLE

EXTERNALS
COS
SIN

SN TYPE
REAL
LOGICAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
LOGICAL
REAL
REAL
REAL
LOGICAL
REAL
REAL
REAL
REAL
REAL

TYPE
REAL
REAL

RELOCATION
ARRAY

10
SHIFT
BEGIN
BEGIN
BEGIN

ARRAY F,P,
ARRAY

SHIFT
SHIFT
SHIFT
SHIFT
10
10
10
10

SIZE

10
ARRAY
ARRAY F.P,

SHIFT
SHIFT

ARRAY
ARRAY

F,P,
F,P,
F,P,

ARCS
1 LIBRARY
1 LIBRARY

1407 B
10 DEBUG2

1355 I
5 IK
2 ILNZ

1423 INFO
1365 INIT

4 19
0 IROW
0 JROW

1370 KADR
1435 KDR

1 KLEN
4 KMIN
2 KP
0 KROW
4 KT2
0 KUNIT

1364 LARGST
1363 LEAST
1367 MCOL
1374 MROW

0 NET
0 NODE

1440 PERM
6 RBEGIN
0 REALM

1462 ROTOR
1473 TEMPC
1476 TEMPR
1362 X
1361 Y
1360 Z

SHIFT

REAL
LOGICAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

ARRAY

ARRAY

ARRAY

10

BEGIN 
BEGIN

BEGIN 
F,P, 
F,P,

SHIFT 
SHIFT 
10 
F,P, 
10 
SHIFT

ARRAY

ARRAY 
ARRAY 
ARRAY 
ARRAY

SIZE 
F,P,

SHIFT 
KK

INLINE FUNCTIONS TYPE ARCS
IABS INTEGER 1 INTRIN
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STATEMENT LABELS 
0 i 
0 4 
0 7 

342 10 
S 13 
0 16 

525 19 
6 22 

624 25 
8 23 
0 31 
1 34 

1147 37 
S 40 

1143 901 FHT 
1210 904 FHT 
1245 907 FHT

LOOPS
36
56
234
254
261
272
274
305
330
351
353
365
402
404
407
421
423
42S
435
436
511
545
556
560
644
652
673
675
700
712
713
721
723
725
737

LABEL
1

4
7
5
6
6
7
9
11
11
12
13
13
13
14
14
14
16
16
24
22
23
23
28
28
29
29
29
30
30
31
31
31
32

INDEX
I
I
I
HCOL

J
X
I
J
X
I
J
HROU
I
I
J
I
J
I
J
X
I
J
I
J
K
I

FROH-TQ
53
60
88
98

100
106
107
110
123
132
133
137
143
145
146
148
149
150
154
155
175
201
208
209
241
242
254
255
256
259
260
263
264
265
268

55
60
91
113
104
108
108
113
125
136
136
142
147
147
147
151
151
151
156
156
221
206
211
211
252
252
257
257
257
261
261
266
266
266
275

72 
0 

314 
0 
0 

442 
535 

0 
641 

0 
752 

0 
1061 

8 
1171 
1230

LENGTH
3B
10B
5B

40B
6B
6B
3B
5B
56
6B
3B
10B
13B
7B
3B

13B
6B
3B
5B
3B

103B
6B
10B
4B

236
14B
136
76
36
46
26
136
66
36

208

2 
5 
8 
11 
14 
17 
20 
23 
26 
29 
32 
35 
38 
41 
902 FHT 
905 FHT

PROPERTIES
INSTACK

INSTACX

INSTACK

INSTACK
INSTACK
INSTACK

INSTACX
INSTACX

INSTACK

INSTACX

INSTACK

INSTACK

INSTACX

OPT

INSTACK

INSTACK

INSTACK

EXT

NOT

NOT

NOT

NOT
NOT

NOT
NOT

NOT

EXT

NOT

NOT

NOT
NOT

NOT

NOT
NOT

NOT

REFS

INNER

INNER

INNER

INNER
INNER

INNER
INNER

INNER

REFS NOT INNER

INNER

INNER

INNER
INNER

INNER

INNER
INNER

INNER

106 3
0 6
0 9

374 12
434 15
461 18
542 21
606 24
660 27

0 30
1002 33

0 36
0 39

32 100
1205 903
1236 906

FHT 
FHT
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LOOPS
744
766
1923
1032
1934
1944
1965
1074
1976
1106

COHHON

LABEL
32
37
34
35
35
36
39
40
40
41

BLOCKS
10
SIZE
BEGIN
SHIFT
KK

INDEX
J
WOK
I
I
J
I
I
I
J
I

LENGTH
9
2
6

11
2

FROH-TO
269
285
393
398
399
312
321
325
326
328

LCH

275
315
396
319
319
314
324
327
327
339

LENGTH
12B
64B
4B
6B
3B
3B
4B
66
36
36

PROPERTII
INSTACK

INSTACK

INSTACK
INSTACK
INSTACK

INSTACK
INSTACK

STATISTICS
PROGRAM LENGTH 15I7B 839 
SCH LABELED COHHON LENGTH 34B 28 
LCN LABELED COMMON LENGTH 2B 2 

1389996 SCH USED

EXT REPS NOT INNER

NOT INNER

NOT INNER
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C2 -
i SUBROUTINE SHIFT(REALK,INTGRX,RHIN,RMAX>

C PROGRAM ACCESSES VECTOR X IN REALX STORED ON DISK 
C
C VARIABLES IN COMMON IN ROUTINES 

5 C
C RBEGIN - BEGINNING ROW STORED IN X 
C REND - LAST ROW STORED IN X WITHIN VECTOR REALX 
C KBEGIN - FIRST ADDRESS STORED AT LOCATION IX OF REALK 
C XEND - LAST ADDRESS IN REALK AT LOCATION IX*(XEND-XBEGIN) 

10 C KLEN - LENGTH OF USABLE SPACE IN REALK FOR X MATRIX 
C RMIN - FIRST ROW NEEDED FOR OPERATION, ADDRESS KMIN 
C RHAX - LAST ROW NEEDED FOR OPERATION, ENDS AT ADRESS XMAX 
C FILL -.TRUE,- ADDS ROWS TO END UNTIL KLEN IS FILLED 
C -.FALSE, ONLY ADDS ENOUGH ROWS FOR CASE 

15 C
C FEABL ROUTINES MUST BE MODIFIED TO SUBRACT KOFF FROM 
C ADDRESS XADR ON NORMAL LOCATION OF X IN REALK 
C
C FOLLOWING VARIABLES MUST BE SET IN MAIN PROGRAM

28 C SPACE - .TRUE, - LK-IK SUFFICIENT FOR SOLUTION WITHOUT SHIFT 
C .FALSE.- SHIFT REQUIRED FOR SOLUTION 
C IN EACH CASE LK-IK READ ONTO DISK FOR SOLUTION ROUTINE 
C KLEN =LK-IK*i
C XOFF » MUST BE SET TO ZERO BEFORE EACH SOLUTION 

25 C REND * MUST BE SET TO ZERO BEFORE EACH TINE STEP IN MAIN 
C NROW - NUMBER OF ROWS IN DATA TRANSFER 
C REND - MUST BE SET TO ZERO BEFORE EACH SOLUTION GENERATION 
C

INTEGER RB£GIN,REND,RMAX,RHIN 
31 LOGICAL DISK,SPACE,FILL

DIMENSION REAU<i),INTGRK(i) 
LEVEL 2,REALK,INTGRK
COMMON/SHIFT/XUNIT^LEN.KBEGIN^END^MIN^MAX^BEGIN^REND, 

1 XOTF,DISK,SPACE,FILL,NROW
35 COMMON/BEGIN/ICON,IKOUNT,ILNZ,IMASTR,1C,IK 

COMMON/SIZE/ NET,KDT 
DATA KEND/0/,KHIK/0/,KMAX/0/ 
DATA RBEGIN/i/,REND/t/,DISK/,FALSE,/ 

C 
40 IF(RMAX.LT.RMIN)GOTO 9529

IF(RHIN.GE.RBEGIN.AND.RMAX.LE.REND)RETURN 
IKOUNi*IKOUNT-i 
ILNZi*ILNZ-i 
K1=IK-1

45 KLENi«KLEJH 
MIMi-NMH
LNAX*(((RMAX-i)/NROWM)*NROW 
IFaHAX.GT,NDT)LNAX=NDT 
LMIN=( ((RMIN-D/NROW) )*NROW+i 

55 J=INTCRK(ILNZi*LHIN>
KMIN*lMTGRK(IK0UNi+LMIN)+J 
KMAX=IMTGRK(IKOUNi+LHAX)+LMAX 
J:INTG*K(ILNZ1+RBEGIN) 
KBEGIN*INTGRK(IKOUNi+RBEGINH; 

55 IF(KNAXH(MIN.GT.KLENi)GOTO 9011
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c_ CZ-77
ir(DISK)GOTO 811 
JH1N=NDT 
JHAX*0 

60 IHAX«0
800 CONTINUE 

C 
1FUHAX,LE,REND)GOTO 2000 
IF(LHIN,GE,RBEGIN)GOTQ 1000 

65 C BOTH OUTSIDE 
GOTO 2000 

C
C READ IN DATA AT END OF WORK K UNTIL RHAX INSIDE; SHIFT AT BOTTOH IF 
C NECESSARY 

70 1000 CONTINUE
K=1NTGRKUKOUN1+LHAX)+LHAX 
IF(K-KBEGIN.LE.KLENi)GOTO 1200 

C
C SHIFT LOWER ROWS DOMN IF SPACE INSUFFICIENT 

75 DISK*. TRUE.
KSHIFT=(KH( BEGIN) -KLENi 
KsINTGRKdLNZl+RBEGIN) 
K*INTGRi((IKOUNi+RBEGIN)+K 

iiOO CONTINUE 
80 LAST>RBEGINtNROyi

IF(LAST,GT,NDT)LAST=NDT

IF(LAST.GT,REND)GOTO 1130 
85 IRECORJHtBEGIN/NROy+i

CALL yRlTHS(KUNIT,REAU((K-KOFF),;,IRECORDri,0)
IMAX=«AXO(IHAX,LAST) 

1130 CONTINUE
RBEGDHBEGIN+NROU 

90 J*K
K:INT6RK(ILNZ1+RKGIN)

IW-J
KSHIFMSHIFT-II 

95 ir(XSHIFT.GT,0)GOTO 1100
IF(RBEGIN.GT,REND)GOTO 1160 
IS««-l(flFF 
IE*KEND-KOFF 
IM-KBEGIN 

100 DO 1150 I=IS,IE
REALX(MI)«REALKa) 

11SO CONTINUE 
1160 CONTINUE 

KBEGIN-K
105 KOFF«KBEGIN-IK 

C 
1200 CONTINUE

IF<RBEGIN.GT,R£ND)REND»RBEG!N~1

110 RENlHtEND+NROU
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115

12fl

12S

130

135

140

145

150

155

161

C 

IF<REND,GT,NDT)REND=NDT
K*INTGRK(IKOUN1+REND>
KENM+REND

IF(,NOT,DISK)GOT01208
J=INTGRK<ILNZi+LAST)
K*INTGM<IKOUN1+LAST)

K=K-KOFF
IF(REND,LE,IHAX)GOTO 1205
IF(JMIN,LE,REND,AW,REW,LE.JNAX)GOTO 12115
K=K-i
DO 1204 I=i,J

1204 REALK(I*K)>0, 
GOTO 1208

1205 CONTINUE
IRECORMAST/NROUH 
CALL READNS(KIMT,REAU(K),J,IRECORD) 

1208 CONTINUE 
C  -

IF((KENH(KGIM),GULEN1)GOTO 9030 
IF(REND,LT,RNAX) GOTO 1200 
IF(REND,GE.NDT,OR,, NOT.FILDCOTO 1210 
LASTOEND+NROV 
IF<LAST,GT,NDT)LASTsNDT

IF((J-KBEGIN),LE,KLEN1)GOTO 1200 
1210 CONTINUE

RETURN 
C
C SHIFT TOP RONS UP AND ADD MORE ROMS AT BOTTOM 
2000 CONTINUE

MNTCRKULNZi+LNIN)
K*INTCRK<IKOUNltLNIN)*J
IF«KENDH(),LT,KLEN1)GOTO 2200
DISK', TRUE,
KSHIFNtBECIIH 

2100 CONTINUE
LASTOEND-NROVl
IF(REND,CE,NDT)LAST*((REND-l)/NROI»tNROV+i
K»INTGRK(IKOUN1H.AST)
J-INTGRK(ILNZi*LAST)

165

IF(REND,LT,RBECIN)GOTO 2150 
IRECORD*LAST/NROU+i
CALLURITNS(KUNIT,REAU(K-KOFF) / J > IRECORD ; -1,0) 
JHIiHfIN0(LAST,JNIN) 
JNAX«MAX0(REND ; JNAX) 

2150 CONTINUE 
RCN1HAST-1 
XSHIFT=KSHIFT-J 
KsINTGRXdKOUNlfREND) 
KENMfREND
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171

175

181

185

191

IF(REND-«Oy.GE,LHAX)GOTO 2111 
IF(KSHIFT,GT,I)GOTO 2100 

2200 CONTINUE
JslNTGRKULNZl+LHIN)
K*INT6RK<IKOUN1H.MINHJ
MBEGIN-K
IS=XBEGIW-KOFF
IE=KEND-KOFF
KBEGIN-K
KOFF=KBEGIN-IK
IF(REND,LT.RBEGIN)GOTO 2221
X»IE+IS
DO 2220 I=IS,IE

Cz-7?

2221 REAtX(IHJ)<REALX(II) 
2221 CONTINUE 
C 

IF<REND,LT.RBEGIN)RBEGINsREND^l
RBCGIN=RBEGIN-1
DO 2231 I-Lffl
J»INTGRK(ILNZUI)
K-INTGRKUKOUN1+I)

ir(LAST,GT.NDT)LAST=NDT 
MNTGRK(IKOUN1+LAST)+LAST

195

211

215

210

215

IF(I,LE,IHAX)GOTO 2225
IF(JHIN.LE.I,AW,I,LE.JHAX)GOTO 2225
X=K-i
DO 2223 11=1, J 

2223 REALX(IM)M,
GOTO 2231 

2225 CONTINUE

CALL READHS(KUNIT ) REAU(K),J,IRECORD) 
2230 CONTINUE 
2240 CONTINUE

RBEGIN^LHIN 
C 

IF((KENDH(BEGIN).GT.KU;N1>GOTO 9040 
C BOTH OUTSIDE

IF(RHAX,GT,REND)GOTO 1000
RETURN 

C
ENTRY USHIFT 

C WRITES EVERYTHING TO DISK BUT LEAVES RHIN AND RHAX THE SAKE
DO 3000 IsRBEGIN,REND,NROV
J:INTGRK(ILNZ1+I)
K»INTGRK(IKOUN1+I)+J

IF<LAST,GT,NDT)LAST*NDT

220
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IRECORD*I/NROM+1

225

231

235

241

3111 CONTINUE 
DISK--.TRUE.
JHHWflNKRBECIN^HIN) 
JHAX=«AXi(REND,JHAX)
RETURN 

_ _

9010 IER*90iB
WITE(6,t)IER,KMAX,KMlN,KLENi,RHAX,RHIN
GOTO 9511 

9120 IER*9820
yRlTE(6,*)IER,8«AX,RHIN
GOTO 9511 

9130 IER*9030
yRITE(6,*)IER,KEND,KBEGIN,KLENi
GOTO 9511 

9041 IER=9048
yRITE<6,*)IER,KEND,KBEGIN,KLENi 

9SIO CALL XE«CCS(*/DUHP,i./GRUHP,SBX,MUV=10,//#)
STOP
END

SYHBOLIC REFERENCE HAP (R*i)

ENTRY
3
POINTS
SHIFT

VARIABLES
ii

633
632
631

1
613
612
623

4
631
622
624

3
614
4

625
626
617

1
615

0
1

DISK
I
IE
II
IKOUNT
IKi
ILNZ1
INAX
IQ
IS
JNAX
X
KEND
KLEN1
KNIN
KSHIFT
LAST
LNIN
NET
NROtfl
REALK
RHAX

4*

SN TYPE
LOGICAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
INTEGER

444 USHIFT

RELOCATION

ARRAY

SHIFT

BEGIN

BEGIN

SHIFT

SHIFT

SIZE

F,P,
F,P,

13
0

634
5

611
2
3
1

627
621
621
2
1
5

11
1

616
1

14
6
7
1

FILL
ICON
IER
IK
IKOUNi
ILNZ
INASTR
INTGRK
IRECORD
J
JMIN
KBEGIN
KLEN
KHAX
KOFF
KUNIT
LNAX
NDT
NROU
RBEGIN
REND
RNIN

LOGICAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER ARRAY
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

SHIFT
BEGIN

BEGIN

BEGIN
BEGIN
F,P,

SHIFT
SHIFT
SHIFT
SHIFT
SHIFT

SIZE
SHIFT
SHIFT
SHIFT
F,P,
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VARIABLES SN TYPE 
12 SPACE LOGICAL
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RELOCATION 
SHIFT
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FILE NAMES KOBE 
TAPE6 FREE

EXTERNALS TYPE 
REAMS 
XEOCCS

INLINE FUNCTIONS TYPE 
HAX0 INTEGER

STATEMENT LABELS 
61 801 
130 1130 
160 1200 
227 1208 
264 2100 

0 2220 
421 2225 

0 3000 
525 9030

LOOPS
152
214
354
366
416
455

COMMON

LABEL
1150
1204
2220
2230
2223
3000

BLOCKS
SHIFT
BEGIN
SIZE

INBEX
I
I
I
I
II
I

LENGTH
13
6
2

ARCS 
4 
i

ARGS 
0 INTRIN

65 
0 
0 

250 
322 
357 
431 
515 
531

FROM-TO
100 102
124 125
178 180
185203
197 198
214 223

LENGTH
3B
2B
3B

46B
2B

31B

1 

1

1800

1150 
1204 
1218 
2150 
2221 
2230 
9010 
9040

PROPERTIES
INSTACK
INSTACK
INSTACK

1
INSTACK

1

INTEGER 0 INTRIN

101 1100
155 1160
217 1205
251 2000
334 2200

0 2223
0 2240

521 9020
534 9500

EXT REFS NOT INNER

EXT REFS

STATISTICS 
PROGRAM LENGTH 
SCN LABELED COMMON LENGTH 

130000B SCN USED

643B 
25B

419
21

INACTIVE
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i SUBROUTINE SOLVEad/BCON^FBCW^EALKJNTCRX.DIRV.STRESS.DUN,
i IDUH),RETURNS(R1,R2)

C    READS tfORX FILE, CALL SINULQ AND BOUNDARY CONDITION FOR INVERSION, 
C PERFORMS ROTATION BACK, AND WITES ON SOLUTION FILE 

5 C
DIHENSIONREALK(i) ) INTCRK(i) ; IFBCON(4 ; i) ) FBCON(4 > i) ; DUH(3) ; IDUN(3) 
LEVEL 2,REALK > INTGRK 
LEVEL 2,REALKX 
LOGICAL STRESS,DISP 

il INTEGER ENTRY,RBEGIN,REND
COWWIO/KR,Ky,KP,KTMT2,KT3,OUT 
CONHON/BEGIN/ICONJKOUNTJLNZ^IMASTRJQJK

c

COHNON/SIZE/NET,NDT
15 COHNON/PROB/HASH1,OLDWK,LENGTH ; GRAV,GRAVS,GRAVB,GHALT,NFLT,NLAP, 

1 NDIWISP,NECON,NICON
COHNON/ROT/IROU^ROU.KROW^ZANGLE^YANGLE^ANGLE 
CWWON/KEY/LEN^EYTHPjKEYRLl^EYLLQ^EYPRB^EYTL^EYEL^EYROT, 

1 KEYECO,KEYICO
2f CONNON /SHIFT/ KUNIT,KLEN,KBEGIN,KEND,K«IN; KHAX,RBEGIN; REND, 

i KOFF ; DISK > SPACE ; FILL / NUHROM/ENTRY 
CONNON/KK /REAUK(2) 

C
CALL BREAB2(KEYLLQ,LEN,REAU(IQ),KTi),RETURNS(9099> 

25 IF(STRESS)CALL BCONST(IFBCON,DUN,REALK,INTGRK,
i IFBCON(i > I) ; IFBCON(2 l I) > DIRV > FBCON(3 / I)),RETURNS(i650)

IF( .NOT.DISP)CALL BCONAPdFBCON^.REALK^NTGRK, 
i IFBCON(i,I) ; IFBCON(2,I) ;DIRV,FBCON(3 / I)) > RETURNS(i65l) 

C       
31 1651 CONTINUE

IF(ENTRY,GT,I)GOTO 1652
CALL SIHUL9<ENERGY,REALK,INTGRK)
GOTO 1653

1652 CALL SINULQ2(ENERGY,REAU > INTGRK) 
35 1653 CONTINUE 

C      -
DUH(i)=ENERGY 
IF(,NOT,DISP)GOTO 1655

40 IDUN(3)»2 
GOTO 1656 

C-  IROW SET IN STAGE2 TO FAULT DOF SHIFT
1655 IWH(2)«IFKON(2; I)

IF(IFBCON(4 ) I),EQ,4,AND,DIRV.NE,i,0)IDUH(2MMJH(2)tIROW 
45 IDUH(3)=IFBCON(4,I)

1656 CONTINUE
CALL BLD<3,DUH,KT3),RETURNS(9000) 

C    DISPLACEMENTS AT INTERELEHENT BOUNDARIES
IF(NICON.LE.0)GOTO 1666 

50 DO 1665 II*i,NICON
IF(IFBCON(4 ; II),GE,10)GOTO 1665 
INDEXsIFBCON(2,II)+IH
REAU((INDEX)«ltEALX(INDEX)+REALi((IQ-l*IFBCON(l ; II)) 

1665 CONTINUE 
55 1666 CONTINUE
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61

65

71

75

C  ROTATE BACK
CALL BREAD(KEYROT,LEN,IDUH,KT1),RETURNS<98I8) 
NROT*IDUH<1) 
IDROT=IDW»<2) 
IF(NROT,EQ,8)GOTO 1675 
DO 1671 IH,NROT 
KEYTHP=I
CAUBREAD<KEYTHP,LEN,IROMT1),RETURNS<9888) 
IF(YANGLE,NE,8,,OR.XANGLE,NE,8,)GOTO 1668 
CALL ROTATE(-N,IROH) JROU; KROU> -ZANGLE ; YANGLE ) XANGLE ;REALX,INTGRK) 
GOTO 1676 

1668 IF(XANGLE,NE,8.)GOTO 1669

GOTO 1671 
1669 CALL

1 INTGRK) 
1671 CONTINUE 
1675 CONTINUE

LBHLHQ+i
CALL BLD2(LEN,REALK(Ii),KT3) > RETURNS(9§88)
RETURN Rl 

9881 RETURN R2
END

SYMBOLIC REFERENCE HAP

ENTRY POINTS
3 30LME2

VARIABLES
8 IIRV
12 DISP

342 ENERGY
1 FBCON
6 CNALT
5 GRAVB
1 HASH1
I ICON
e IDUH

343 II
1 IKOUNT
3 INASTR
8 INTGRK
8 IRON
2 KBEGIN
18 KEYECO
11 KEYICO
4 KEYPRB
7 KEYROT
1 KEYTNP
5 KNAX

SN TYPE
REAL
LOGICAL
REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION 
F.P, 

PROB

ARRAY P.P. 
PROB 
PROB 
PROB 
BEGIN

ARRAY F.P,

ARRAY

BEGIN 
BEGIN 
F,P, 
ROT 
SHIFT 
KEY 
KEY 
KEY 
KEY 
KEY 
SHIFT

11 DISK
I DUH

15 ENTRY
13 FILL
3 GRAM
4 GRAMS
8 I

346 IDROT
8 IFBCON

IX 
ILNZ

344 INDEX
10 
JROM

3 KEND
KEYEL
KEYLLQ
KEYRL1
KEYTL
KLEN
KNIN

REAL
REAL
INTEGER
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

ARRAY

ARRAY

SHIFT
F,P,

SHIFT
SHIFT

PROB 
F,P.

F,P, 
BEGIN 
BEGIN

BEGIN
ROT
SHIFT
KEY
KEY
KEY
KEY
SHIFT
SHIFT
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VARIABLES SN TYPE
il KOFF
0 KR
3 KTi
5 KT3
i Kit
1 LEN
5 LK
2 LLN2
4 LG

ii NDIH
13 NECON
7 NFLT

il NLAP
14 NUHROM
6 OUT
t REALX
7 REND
0 R2
0 STRESS
4 YANGLE

EXTERNALS
BCONAP
BLD
BREAD
ROTATE
SIHUL02

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
INTEGER
RETURNS
LOGICAL
REAL

TYPE

RELOCATION
SHIFT
10
10
10
10
KEY
END
EW
EW
PROB
PROB
PROB
PROB
SHIFT
10

ARRAY F,P,
SHIFT

F,P.
ROT

ARGS
e
3
4
9
3

2
2
4
0
0
2
1
3

347
1
0

14
345

i
6
0
0

12
5
3

KP
KROM
KT2
KIMT
LCON
LENGTH
LKOUNT
LflASTR
N
NDT
NET
NICON
NROT
OLDNRK
RBEGIN
REALKK
Rl
SPACE
XANGLE
ZANGLE

BCONST
BLD2
BREAD2
SIHULQ

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
INTEGER
REAL
RETURNS
REAL
REAL
REAL

Al

8
3
4
3

STATEMENT LABELS
47 1650
71 1655
127 1666
177 1670

LOOPS LABEL
120 1665
135 1670

COMMON BLOCKS
10
BEGIN
END
SIZE
PROB
ROT
KEY
SHIFT
KK

INDEX
II
N

LENGTH
7
6
6
2
13
6

11
14
2 LCH

56
107
154
202

FROH-TO LENGTH
50 54 7B
61 72 45B

1652
1656
1668
1675

PROPERTIES
INSTACK

EXT REFS EXITS

10
ROT
10
SHIFT
END
PROB
END
END

SIZE 
SIZE 
PROB

PROB
SHIFT
KK

SHIFT
ROT
ROT

Cz -**/

62 1653
126 1665
166 1669
213 9000

STATISTICS
PROGRAM LENGTH 351B 233 
SCN LABELED COMMON LENGTH HOB 64 
LCH LABELED COMMON LENGTH 2B 2 

130000B SCH USED



PROGRAM DSTAGE3 76/76 i!PT*2 FTN A.B+49B/&7 25 SEP 79 20,49,47

APPENDIX C.3          c 3_
C DS1HGE3? TIKE INVERSION OF DISPLACEMENT:

PROGRAM D 
1 TAPEia=iOfl,TAPC2(),TAPEii=iQi))

C

C UNIT :
C NAMELI5T/IQK/' - ANY CHANGES IN INNJT/QL'TPUT UNITS 
C
C UNIT <R 

10 C NAHELIST/IN/ - iiN> CHAFES
C L; - GRie OF APPROXIMATION (LT.LLSS THAN LAPN) 
C RLAXa? - LT RELAXATION TIMES FOR CiExIES 
C LAPM - NUHBER OF HHilS FOR APPROX, TO SERIES 
C (IF «ALLt. USES ALL TIMES IN SOLUTION FILE) 

IS C TLAPiD- LAPN TIH15 FOR SOLUTION - MIL ABORT IF NOT ALL
C IN SOLUTION FILE (IF iALL* GPLCiriED FOR LA!JN, SKIP) 
C OELl\THAX,SCALET.SCALF.Y - TOR 11M££ A'lD PLOTTING/LIST 
C BELT TIHE INTERVAL Rtf COHPUTJNG SERIES (If 0.0 VALLC 
C IS SET IN FLOTD - LIST 15 THCN AT INTERVALS SCALED 

29 C T«P.X - HAX, TIHE FROM ZERO FOR PLOT OR LIST 
C 5CALCT - UHE GlALL IN UNITS/INCH 
C SCALEY - FUNCTION SCALE IN UNl'hJ/INCH (IF PLOT 3)OES NOT 
C FIT, RESCALE)
C NDOF - NUHBER OF DEGREEi. OF FREE1/OH FOR INVERSION (IF *ALL», 

25 C COHPUTES FOR ALL)
C IDOni) -  NDOF DEGREES OF FREEDOM mm* IN ASCENDING ORDER
C TO BE INVERTED (SKIP IF *ALL* SPFCIFIED^
C

DIMENSION IUP(2tJ,i>,UP(2M> 
30 CftUIVALENCE (UT^UP^IUF1 )

DIHWSIL'N TITLEUOi'JLAi'ttflJJLAPQCflMDUHUa)
EQUIVALENCE (DUH.ID1IM)
DMNSION 18(2,28), KCY(20)
1'IHENSION TYPE(2).XTITLE(iO),YTITLE(i^ 

35 ;N1£GER ALL
LOGICAL 5TRE3S,l)ISP,FLftG ) rAIJLT,OLDFIL,PLOT,LIST
LOGICAL FLO«, ERROR, JL^P^SEE

LEVEL IMNDEX2, INDEX* JNDLXt 
40 LEVEL 2,IFBCON,II'OF,ILLLH 

LEVLL 2,tUM,IDUH
LEVL-:L 2,UT ( up t i'jp
LEVEL 2,lNTbRK 

C 
45 C

COHHON/PROB/HASHi.OLDHRK.LENGTH^GRAV^RAVS.GRAVBjWIALT^L^NLAP, 
i NDIH.DISP

COHHLWPLOT3/LT , BELT , PLOT > TMAX , SCAlL i , SCALCY , NPLT , ORQR
COHHON/SI2E/NET t NDT ,NETNEH , NDTNLH^LNODNW 

50 COHMCN/IO/KR J KW,KP,KTi,KT2 1 KT3,KT4,J(T5
COHHON/BLGIN/ICON , 1KOUNT t ILNZ , IMASTJ? , IQ, IK
[OHHON/tND /LCi)N t LKOUNT,LLN2 > LMASTR,LQ,LK

55 iOHHON/INDEX/INDEXi(iflOO) ? INDEX4':iOOC) ( INDEXi(iOOO)
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COHHQN/l'LDIQ/XIOWR(32%)
COHMON/> BLD/KPTR»LRLrLt ,IRCC
CQHHOH/BREAD10/XIQBR<32S6)
COHMON/BREAD/MFX,LftECBR,KEYX(2§) > LENX(20),KiX(20) 

60 CO«HON/SOF/IFBCON(1000),IDOF(2000),!EL£M(500)
COMHQN/DUH/DUMiflOflfl)
COHHON/TIHE/UT(20 1 iilOO)
COHHON/K /INTGRK 1 40(100) 

C 
65 C

DATA KPTR/i/ >LREC/2948/ , IREC/i/
DATA LRECBR/204B/
DATA NFX/0/,KEYX/2{l*0/,LLNX/20*C/,KiX/28tO/ 

C 
70 DATA ALL/3HALL/ . INAX/iflflO/ , ITMAX/20/ ,CRLAX/i . E07/

DATA STRESS/,rALSE,/ r FLAG/',FALSE./.FAULT/.FALSE,/,OLDFTL/,FALSE,/
DATA LIST/ , FALSE . / , JUHP/ , FALSE , / , CREEP/ , FALSE , / , OUT./ , TRUE , /
DATA ERROR/, FALSE, /^IGP/, TRUE, /,PLOT-'\ FALSE. /, HOW/, FALSE,/
DATA TYPE/I MDDF */ 

75 DATA X1ITLE/* TIHME - *.*CGS *^UNIT* y *S */
DATA YTITLE/f DISI^PLACf.tEHENI^TS *,^ CCS*,* UNI*,ITS */ 

C
NAMLLIST/IN/STRESS.DISP.FAULT.PLOTjOLDFIL.HET^DT.LISTjFLfly^LT,

i ERROR,CREEP,CRLAX
30 «A«ELI5T/IOX/KR,KW,KP,l{Ti I KT2 > KT3,KT4.KrJ > OUT 

C
cmmmmmmmmmmwnmmmmmmmmmmmm 
c
C SET UP 

85 C
DISP=.TRUE, 
FLOW^.TRUE. 
ERROR=- .FALSE. 
PLOT-. FALSE, 

90 NPLT=i
C  -DATA FILE

95 C_    -SOLUTION FILE FROH STAGE2 
KTi=ii 
KT2=i2 

C-   TIME FILE
KT3=i3

100 KT4=i4 
KT5=iS 
READ(5,IOK) 
WRITE(6,!OK)
CALL UPENHS(KTi,INj>EXUOOQ,0) 

105 CALL DPENM5(KT2 > INDEX2, 1000,0) 
CALL QPENHS(KT4,!NBEX4,iGOO,fl> 

C
C INPUT FROH SOLUTION FILE 
C 

iiO KEYTHP=G
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C3-3
CALL BREAD(KEYTHP ( LEN,TITLE.1 KT2),REIURNS(980IJ)
KEYTMr=G
CALL BRiiAlHKEYTMP >l£N .KASH1 ,KT2) ,RETURNl(9800 )
KEYTHP=i 

iiS CALL BREAD(I(EY7HP,LEN > NET,KT2>,RE7URN!'<900|})
KEY7HP-0
CALL BREAD(KEY7«P,LEN/ILA!> Q,XT2) t R£TURNS(9llflll)
LAP04.EN
REftD<KR,IN) 

120 C
C INPUT mm OF APPROXIMATION AND RLAX TI! 5
I

10 FORHAHiOX 7 *IN?UT DATAI) 
125 «RI7E(Ky,IN) 

READ(KR,*)LT

C
C INPUT TIHES TO BE USED 

138 C
REAMS, *>LAPN 
IF(Lf'5PN.L"8.ALL>G070 1106 
READiKR,$)(TLAP(I),I=i,LAPN) 

C CHECK m MISSING TIHE 
135 J=fl

DO 1820 M.LAPN 
1DOS J^Jti

IF(J,G7.LAPO)GOTO 90112 
IFOLAP(l).EQ,TLAPO(J))GtiTO 1020 

140 GOTO 1805 
1820 CONTINUE 

LAP=LAPN 
GOTO 1150 

iiilO CONTINUE
145 3)0 1120 I=i,LAPO 

1120 TLAP(I)=TLAPO(I)
LAP-LAPO 

1150 CONTINUE

ISO yRI7EiKy,22)(TLAr(I),I=i,LAP) 
22 FOR«AT(iX,iPiOE11.3) 

IF(LAP.GT.ITMAX)GOTO 1170 
GOTO 1200

1170 yRlTE(6,25)LAP 
155 25 FORMAT**    ABORT--    LAP=I,I4)

GOTO 9500 
C
12011 CONTINUE 

C
160 C INPUT WORK FILE FOR DOF   - -  -  - 

C
XEYTHP=»
CALL BRLA»2(KEYTMP>L£N,PUH > KTi),RETURNS(9000)
k'EYTMP=8 

165 CALL BREAD2(KEYTMP.LEN I DUM,KT1) ; RETURNS(9000)
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CALL BRLVH)2(KEYTHPlLN,DUM,KTi),RETUkNS(9Q0§) 
KEYT«P=0
CALL BREAD(KEYTHP > LENJCON 1 KTi)>RETURNS(?800) 

178 KCYTHP=S'
CALL BREAD(K£YTHP > LLN ) LLON ? ni) > RETORNS(9080) 
KEYTHP=0
CALL BRtAD2(KEYTHP,LEN,DUH,KTl),RETURNS(9800) 
HYTHP={)

175 CALL BREAB2(KEYTHP,LEN > lNTbRK,KTi) f RLTURNS(9000) 
KEYRLi^EYfflP
ii: (LEK'.NE.LMASTR)HRITL(Kki,*)LEN,LMASTR 
KEYTHP^e
CALL BKEAD2CKEYP1P>LENJUM,KTi),RETUSNS(?ii80) 

i80 c .......«...... ........................................

C
C INPUT PLOT TIMES, SCALES
C

RLftD(KRJ)»ELTJHAX t SCALET,SCALED 
185 WRITEiKH>22)DELT,THAX ; SCALET,SCALEY 

1380 CONTINUE 
C
C DISPLACEMENT DOF TINE INVERSION-- -----       
C INPUT ELEMENT NUHBERC AND FIND DOF NUHBERS 

190 C
IF(,NOT,D1SI') GOTO 11 78 

C
C INPUT ELEHENT NUMBERS 
C 

195 READ(KRJ)NLINES
IF(NELEM.E9.ALL)GOTO 1338 

C
NELEH=0
DO 1312 1=1, HIKES

288 REAB(KR,»HIELM,MAELri 
DO i'J85 J=MIELM,«AELH 
NELEH=NELEM+i 
IELEM(NELEM)=J 

1305 CONTINUE
205 1310 CONTINUE 

C
GOTO 1340 

1338 NELEM=NL:T
DO 1335 I=i,NEL£M 

210 1335 IL1EM(D=I 
1348 CONTINUE 
27 FORHAT(1X,20I6)

CALL IORDEL3(NELEM,IELEM,DUM,0,NELEH,DUM) 
WRITE(KM,*)NELEM

215 fe)RITE(Ky,27)(IELEM(I),I=i > NELEM) 
C
C FIND DOF FOR ELEMENTS
C --DETERMINE NODE NUMBERS USED IN FTLE AND ORDER THESE TO 
C 3AVE 'JPACE 

220 C
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JJ=il
IMSm=IHASTR-i
DO 1347 1=1>NELEH
LNUH=1ELEH(I) 

225 IADDR=INTGRK(IHASTR1+LNUM)
!F(LKUH,Ee.NLT)GOTO 1342
IADDR2=INTGRK(IHA3TR+LNUHH
GOTO 1344 

C 
230 1342 CONTINUE

DO 1343 J=IADDR,LHASTR
IF(iNTGRK(J),NE,0)GOTO 1343
IADDR2=J-i
GOTO 1344 

235 C
1343 CONTINUE 

C
1344 CONTINUE

IADi>R=IADDR+NDIH-i
240 W 1346 J=IADDR,IADDR2,ND1« 

JJ--JJ+1 
IDUH(JJ)=INTGRK(J)/NDIH

1346 CONTINUE
1347 CONTINUE 

245 NOD=JJ
CALL IOkDEL3(NOD > IDUM,DUH > 0,NOD,DUH) 
IF(OUT)«RITE(KW f 36)(IDUM(I) ( I=i,NOr') 

C
C CONVERT NODE NUHBERS TO DDF 

250 C
JJ=8
DO 1360 I=i,NQD 
II=ll)U«(I)INDIH-NDIi1 

C
255 DO 1358 J=i>NDIH 

JJ=JJM

IDOF(JJ)=II 
1358 CONTINUE

26fl !F(JJ,GT.2000)GOTO 9500 
13611 CONTINUE 

NDOF=JJ 
C 
C

265 C BLD TIME FILE 
C

CALL BLD(20,T1TLE,KT4),RETURNS(9000) 
CALL BLD(li,HASHl > KT4),RETURNS(9000)
CALL BLD(5,NET,KT4),RETliRNS(9000) 

270 CALL BLD(LAP,TLAP,KT4),RETURNS(900Q)
LEN=LTH
CALL BLD(LEN,FLOW > KT4) > RETURNS(9000)
CALL BLD2(NDOF,1DOF,KT4),RETURNS(9090; 

C 
275 C OUTPUT HEADINGS
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WRITE(KiU(l><TrrLfc(I).M,20),HASHi
30 ! rORMAT(iHi f 20A4,//,* INVERSION OF LAHLACL- TRANSFORM SPACE*,/,10X, 

i*MODEL HASH CO»E=*,Z8,///,* LAPLACE REDUCED TIHES FOR INVERSION*) 
280 WRITER, 32)(TLAP(DJ=i, LAP)

32 FORHATiiX,iPEii,3)
HRITE(KW,33)(RLAXUU=i,LT)

33 FO»MAT(* RELAXATION TIMES*,/, aX > iP10Ei{»,2))
WRITE(K«,34)NDOr, FAULT 

285 34 FQRHATdX,///,* SOLUTION FOR*, 16,* DOF WITH FAULTS ,L2)
yRnE(Ktf,36)(I])OF(I) > l-i,NDOF) 

36 FDRHfVf(iX,20IS) 
C
C SCAN SOLUTION FILE FOR SUCCESSIVE SOLUTIONS 

290 C
NFAULT-fl 
AGftIN=,FALSE. 

1380 CONTINUE
NFAULT^NfAULTH 

295 DO 1390 1=1,20

1390 KEY(I)*0
1=0 

300 JN
IC=0 

1406 IE=IC
IC=fi
1=1+1

305 IF(I,GLLAP)GOTQ 1620 
1410 J=JH

JUHP--, FALSE,
IF(J.GT.LAPO)GOTO 9002
DO 1420 N=1,NET 

310 KEYTHP=0
IF(AGAIN,AN».H.EQ.i,AND.J,EQ.i)KEYTHP=KEYST
CALL BREAD2(KEYT«P l LEN ; l)UH,KT2) > RETURNS( r;000)
IF(CREEP.AND,N,EQ.l.AND.J,EQ.i)KEYST=KEYTMP 

1420 CONTINUE 
315 1430 CONTINUE

KEYTMP=fl
CALL BREA»2(K£YTi1P > LEN,DUM,KT2) ) RETURNS(9000)
IF(LEN.Et|.i)GOTO 143S
IF(JUHP)GOTO 1433 

320 IF(TLAP(I),NE,TLAPO(J))GOTO 1433
FT=1.
IF(AGAIN)FT=FTIHE(TLAP(I),CRLAX,IFT)
IC=IC+i
IF(I.EQ,i)IUKl,IC)=fl 

325 UP(I+1,IC)=DUM(1)*FT
IF(I»U«(2),NE,0)FAULT=,TRUE,
IF(I,tQ.i,AMD,FAULT)IFBCOH(MFAULT)=IDUH(2)
IF(I.EQ,1.AND,FAULT.AND.AGAIN)IFBCON(NFAULT)=IFBCON(NFAULT)+IFT
IF(I,ES,1,AND,FAULT)NFAULT=NFAULM 

330 IF(LEN«NE,3)GOTO 1170
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C3-7
1433 RTYTHP=0

CALL &READ2(KEYTMF,LENJUMT2>,RETUKNS(988B) 
1435 imiAPd),EQ,TLAPO(J))GOTO 1448

IFUEN.EQ.DGOTO 141 U 
335 GOTO 1436 

1446 CONTINUE
JFCLEN.LO.DGOTO 1500
IF(JUMP)GOTQ 1430 

1458 CONTINUE
348 DO 1460 II=i,NDQF 

1455 IOICM
IFdC,GT.IHAX-3)GOTO 1600
IFd.tQ.i)IUP(i,K)=IDGFdI>

345 1460 CONTINUE
40 FORftVni
41 FORHAT(iX f iPieEii.3)

GOTO 1438 
1588 CONTINUE

358 IFd,Ee,i,ANl),QUT)WRriE(KW,4e)(IUP(lJP),I!'=i ; IC) 
IF(OUT)WK>ITE(KW ? 41)(UPd-H,IP) } IP=i f IC) 
GOTO 1488 

168C CONTINUE
FLAIXTRUE. 

355 JUMP=.TRUE,
IF(i,EQ.l,AND,FAOLT)NFAULT=NFAlJLT-l

368
GOTO 1438 

1628 IC=IE
IF(ERROR)REyiN» 28 
DO 1788 JJ=i,IC

365 CALL LAPTIH2(UP(2,JJ) > TLAP,LAP,UT(3,JJ),UT(2,JJ) l LT,i)UH,ERRQR) 
1788 CONTINUE

IF(FLOW)LEN=LT+4 
DO 5388 JJ=UC

378 CALL BLD2(LEN,UT(i,JJ},KT4),RETURNS(9080) 
C

IF(LIST)HRITE<KW,43)(UTdi ? JJ),Ii=i,LEN) 
1888 CONTINUE

43 FORHAT(iX,Ii8,iP18Eii.3) 
375 C IF(PLOT,OR,LIST)GOTO 1908 

IF(FLAG)GOTO 1818 
GOTO 2888 

1818 FLAG=. FALSE,
1=0

388 1815 !Lr=--!C 
IC=0 
1=1+1
JUHP^.FALSE, 
IF(LGT.LAP)GOTO 1628 

385 MS(2,I)
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IMSUJ)
KEYTHP=KEY(I)
GOTO 1825 

1818 KEYTHP*fl 
398 CALL BREAD2(KEYTHP f LEN,DUH f KT2),RETiikNS(9000)

IF(LEN.LS.i)GOTC 1827
IF(JUHP)GQ1D 1820
IFiTLAP(D.N£,TLAPOiJ))GOTO 1820
FT=i. 

395 !F(AGAIN)FT=FTIHE(TLAP(1),CK'LAX > IFT)
IF(I,£U.AN]>,FAULT>NFAULT=NFAULm
IC=!CH
IF(LEQ.i)Il)P(i,IC)=C

400 JF(I.EQ,i,AND.FAULT)IFBCON(NFAULT)*IDUH(2)
IF(I.EO.i,AND,FAaT,AND,AGAIN)IFBCON(NFAULT)=lFBCON(MFAULT)+IFT 
IF(LEN.NE,3)GOTO H7i) 

182D KLYTHP-=0
II-li

405 1825 CALL PREAD2(KEYTHP,LEN ; DUH,K12),RETURNS(9000) 
1827 IF(LEN.EQ,i)GOTO 1SSO 

!F(JUHP)GOTO 1818 
FT=i,

410 1830 I
IF(I!.GT.NDOF)GOTD 1810
IC=IOi
IF(IC.GT,IHAX-3)GOTO 1840
IFii.LQ.i)IUP(i,IC}=IDOF(II) 

415 UP(IHJC)=DUH(IDOF(I1))*FT
GOTO 1830 

1840 FLAG=JRUE,

IC=!C-i 
420 13(2,1)=!

IS(i,I)=IM
KEYdMEYTHP
GOTO 1818 

1850 CONTINUE 
425 IF(I,E8.i.AND,OUT)HRITE(Ky,4ll)(IUP(i ( lP),IP=i,IC)

GOTO 1815 
C
C190I) CONTINUE 

430 C IF(ERROR)REWIND 20
c DO 1950 JJ=UC,NPLT
C CALL PLOTD2(UT(i,JJ)JYf1 E ; TITLE,XTlTLE,YTHLE,ITHAX > DUM ; KW) 
C1950 CONTINUE 
C !F(FLAG)GOTO 1810 

435 C GOTO 2(!00 
C 

2000 CONTINUE
IF<AGAIN)GOTO 2010 
IFa-REEP)AGAIN=,TRUE. 

440 IF(AGAIN)GOTO 1380
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2010 CONTINUE
CALL BUHMDOF,KT4)>KETK(9000) 
IF(NFAULT.LE,B)NFAULT=i 
CALL BLD2(NFAULT ; IFBCON,KT4),RETURNS(9CC'B) 

445 CALL FRC(0,8,KT4),RETURNS(9000)

SO FQRNATUX,///,*  -  --DSTAGE3 COMPLETED - *)
STOP

9000 WRITE(6,900i)KEYTMP,LEN 
458 9001 FORMATS    ERROR IN BREAD/BID-- ~*,2I8)

GOTO ?SOO
9002 WRITE(6,20)LAPN,LAPOJLAP(I) 

20 FORMAT(* ------ABORT-NEW TIMtS=*,I4,t! OLD TIMES^,^,/,
i * TIME=taPEi0.3 > * NOT IN SOLU1ION SET*) 

455 9500 CALL XEBCCSd/DUHPJ./GRUMP.HIJ^iOjSBX,//*) 
STOP 
END

25 SEP 7920,49,47 PAGE

C3-<J

CARD NR, SEVERITY DETAILS DIAGNOSIS OF PROBLEM

75 I XTITLE DATA VARIABLE LIST EXCEEDS IltH LIST, EXCESS VARIABLES NOT INITIALIZED,
76 I YTITLE I'ATA VARIABLE LIST EXCEEDS ITEM LIST, EXCESS VARIABLES NOT INITIALIZED.

»OLIC REFERENCE HAP (8=1)

ENTRY
2427

POINTS
DSTAGE3

VARIABLES SN
4515
4067

i
0

4063
0
6
5
0

4535
4543
1750
4544

0
4540

1
3

4056
0

AGAIN
CREEP
BELT
DUM
FAULT
I:LOH
GMALT
GRAVB
HASH!
IADDR
1C
IDOF
IE
IFBCON
II
MOUNT
IMAS18
IMAX
INDEX2

TYPE
LOGICAL
LOGICAL
REAL
REAL
LOGICAL
LOGICAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION

PLOTS 
ARRAY DUM

RTIME 
PROB 
PROP 
PROB

ARRAY DOF 

ARRAY DOF

BEGIN 
BEGIN

ARRAY INDEX

4C5?
4060

12
?

4062
4547

3
4

4S21
4536

I'
0

5670
4550

i
2

4533
3720
1750

ALL
CRLAX
DISP
ERROR
FLAG
FT
GRAV
GRAV5
I
IADBR2
ICON
IDUM
IELEM
IFT
IK
ILMZ
IMASTRi
INDEX1
INDEX4

INTEGER
REAL
LOGICAL
LOGICAL
LOGICAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

ARRAY 
ARRAY

ARRAY 
ARRAY

PROB 
PLOTS

PROB 
PROB

BEGIN
DUM
DOF

BEGIN 
BEGIN

INDEX 
INDEX



'RQGRAM ?6/7o FTN 4.B+496/267 25 SEP 79 20,49,47 PAGE 10

VARIABLES SN TYPE
0
4

4647
0

4523
4066
4525
4516

2
0
4
5
<

45^4
4520
4517
26
5~

4
4
1

4531
*S45
4541

3
8

4542
0

4526
6
i
2
4

4061
4577

3
0
8

4745

INTGRK
10
IS
iUP
j
JUMP
KEYRLi
KEYTM0
KP
KR
KT2
K14
KH
LAP
LAPO
LEN
LEUX
LK
LLN2
LNOBNH
L8
LRECBR
HAELM
N
NDOF
NDTNLW
NET
NFAULT
NFX
NLINfS
NPLT
OLDHRK
PLOT
SCALET
STRESS
TLAP
THAX
UP
XIQBR
XTITLE

FILE mm
0

1323
INPUT
TAPE14

EXTERNALS
BLD
BREAD
FRC
IORDEL3
OPENMS

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
LOGICAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
LOGICAL
REAL
LOGICAL
REAL
REAL
REAL
REAL
REAL

MODE

TYPE

RELOCATION
ARRAY K

BEGIN
ARRAY
ARRAY TIHC

ID
10
10
10
10

ARRAY BREAD
END
END
SIZE
END
BREAD

SIZE
SIZE

BREAD

PLOTS
PROB
PLOTS
PLOTS

ARRAY
PLOTS

ARRAY TIHE
ARRAY BREADIO
ARRAY

445 OUTPUT
1534 TAPE20

ARCS
3
4
3
6
4

4551
2

4857
4552
4532
471?
4546

i.
8
3
5
/

52
4522

0
L

4865
i
3

4534
1
0

453P
il
1

4527
2
?

10
4537
4064
4078

1
5

4553
4623
4743

0
0

4757

IP
IREC
UMAX
11
JJ
KEY
KEYST
KEYX
KPTR
KTi
KT3
KTS
KiX
LAP*
ICON
LENGTH
LIST
LKDUNT
LNAfiTR
LNUH
LREC
LT
MIELM
N))IH
WT
NELEh
NE1NEW
NFLT
NLAP
m
OL.OFIL
OUT
RLAX
SCALEY
TITLE
TLAPC
TYPE
UT
XIOWR
YTITLE

22fri
8

BLD2
BREAD2
FTIHE
LAPTIH2
XE8CCS

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
LOGICAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
LOGICAL
LOGICAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

TAPEii
TAPES

REAL

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY

NAHE

3
4
3
8
1

BLD

BREAD
BLD
10
10
10
BREAD

END
PROB

END
END

BLD
PLOTS

PROB
SIZE

SIZE
PROB
PROB

RTIME
PLOTS

TIHE
BLDIO

1:
i

NAHELISTS
IN IOK

C3-10

1112 TAPE12 
445 TAPE6 HIXED



PROGRAM DSTAGE3 ! ?6/76 OPT=2 FTN 4.P+498/267 25 SEP 79 28,49.47 PAGE 1;

STATEMENT LABELS
C'5-n

4167 
4233 
433? 
4372 
4422 
2532 
2544 

0 
2646 
2704 

0 
G 

3042 
3104 
3172 

8 
3271 
3340 
3432 
3457 
3541 
4457

LOOPS 
2525
2540
2631
2637
2651
2674
2706
2721
2746
2750
3035
3061
3205
3223
3242
3277
3317
3510
3527

COMMON

10 
25 
32 
36 
13 
1020 
1150 
2300 
1330 
1342 
1346 
1360 
1400 
1430 
1440 
1463 
1620 
1810 
1320 
1330 
2000 
7001

LABEL 
1020
1128
1310
130S
1335
1347
1343
1346
1360
135B
1390
1420
1460

1700
1300

BLOCKS
PROB
PLOTS
SIZE
10
BEGIN
END
RTIME
INDEX
BLDIO

FMT 
FMT 
FMT 
FMT 
FMT

INACTIVE

FMT

INDEX F80H-TO 
I 136 141
I
I
J
I
I
J
J
I
J
I
N
II
IP
IP
JJ
JJ
IP
IP

145
199
201
209
223
231
240
252
255
295
309
340
350
351
364
369
*25
426

146
2B5
284
210
244
236
243
261
259
29B
314
345
350
351
366
373
425
426

4473 
4273 
4346 
4374 
4444 
2536 
2557 

5 
8 

271? 
0 

31)31 
305^ 
3162 

0 
32i4 

0 
334? 

0 
3470 
3545 
3564

LENGTH 
7B
3B
15B
3B
4B

34B
SB
4B

iOB
3B
3B

21B
6B

IOB
IOB
12B
17B
10B
iOd

20 FMT 
27 FMT 
33 FMT 
40 FMT 
50 FMT 
iiOO 
1170 
1305 
1335 
1343 
1347 
1380 
1410 
1433 
1450 INACTIVE 
1500 
1700 
1815 
182E 
1840 
2010 
9002

PROPERTIES 
INSTACK LXITS
INSTACK

EXT
INSTACK
INSTACK

NOT

SEFS

INNER

NOT INNER

INSTACK EXITS
INSTACK

EXITS
INSTACK
INSTACK

EXT REPS

NOT INNER

EXITS
INSTACK EXITS

EXT
EXT
EXT
EXT
EXT
EXT

REFS
REFS
REFS
kEFS
REFS
REFS

EXITS

LENGTH
11
8
5
8
6
6

21
3000 LCK
3256

4224
4315
4360
4376
2526

0
2562

0
2655
2713

0
0
0

3165
0

3254
0

3365
3436
3501
3561
3571

22
30
34
41
,1005
1120
1200
1310
134D
1344
131J
1390
1420
1435
1455
1600
1800
1818
1827
1850
9000
9500

FMT
FMT
FMT
FMT

INACTIVE



PROGRAM DSTAGE;J

COMMON BLOCKS 
BLD
BREADIO 
BREAD 
DOF 
DUM 
TIME 
X

LENGTH 
3

3256 
62

3500 LCM 
iOOOfl LCH 
28000 LCM 
40000 LCM

STATISTICS 
PROGRAM LENGTH 
BUFFER LENGTH 
SCM LABELED COMMON LENGTH 
LCM LABELED COMMON LENGTH

60000B SCM USED 
(BOTTOM OF FILE)

3633B 1563
1742B 994

14762B 6642
225324B 76500

FTN 4,8*498/267 25 SEP 79 2il,49,47 PAGE

C3-J2-



SUBROUTINE A6F2 76/76 QPT=2 IN 4,7+485/191 14 AUG 79 20,50,27 PAGE

ID

15

20

25

30

35

40

45

50

55

w AGF mmm VERSION i, MODIFICATION LEVEL o m 0*020912 m
*

SET UP THE NORHAL EQUATIONS FOR A LEAST SQUARES * 
APPROXIHATION OF A GIVEN FUNCTION TABLE * 
IN TERHS OF USER SPECIFIED FUNDAHENTAL FUNCTIONS *

t 
*

mmmmmmmmmmmttmmmmmmmmmm*

SUBROUTINE AGF2(FCT,X,Y,W,N,IP,WORK,AUX,IER) 
DIMENSION X(i),Y(i),W(i),WORK(i),AUX(i>

LEVEL 2,Y,

JER =IER 
JHP =1 
IER =1080 
IF (IP) 9,1,1

1 IF (N-IP) 9,9,2
2 IER =0 

LAST =i+(N~i)*JHP 
IPA =IP+i 
HP =IPA*(IPA+i)/2 
HPA =HP+IPA+i 
Wi =H(i)

INITIALIZE WORKING STORAGE AND RIGHT HAND SIDE

DO 3 I=i,HPA
3 WORK(I>=0, 

SUH =0, 
WI =1, 
DO 8 M,LAST,JHP

YI =Y(I)
IF (Wi) 6,4,4

4 WI =W(I) 
IF (WI) 5,5,6

5 IER =100
6 CALL FCT(X(I),IP,AUX) 

J =0 
JJ =HP

CALCULATE COEFFICIENT HATRIX OF THE NORHAL EQUATIONS

DO 7 K=i,IPA 
A =AUX(K)*HI 
JJ =JJH
WORK(JJ)=WORX(JJ)+AtYI 
DO 7 L=i,K 

J =J+i
7 yORK(J)=WORK(J)+AUX(L)*A 
3 SUH =SUH+YI*YI*WI

WORK(HPA)=SUH
IF (IER) 11,11,9 

9 CONTINUE

C3-I3



SUBROUTINE AGFZ 76/76 OPT=2 r TN 4,7+485/191 14 AUG 79 20,50,27 PAGE

10 CALL WIER(IER,2Q912)
11 RETURN 

END

SYMBOLIC REFERENCE HAP <R=1>

ENTRY POINTS
3 AGF2

VARIABLES SN
146 A
131 I

0 IP
135 J
136 JJ
137 K
124 LAST
127 MPA
132 SUM
133 UI
136 til

0 Y *

EXTERNALS
FCT

JEHENT LABELS
0 i
0 4
0 7
D 10

TYPE RELOCATION
REAL
INTEGER
INTEGER F,P.
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL ARRAY F,P.

TYPE ARCS
3 F,P.

INACTIVE 0
INACTIVE 0

0
INACTIVE 107

2
5
8
11

LOOPS LABEL INDEX FROH-TO LENGTH PRi
25 3 I
36 8 t I
57 7 * K
66 7 L

29 30 2B
33 52 41B
45 51 13B
49 51 3B

II

li

(I AUX
0 IER

125 IPA
122 JER
123 JHP
141 L
126 HP

6 N
0 ti
6 WORK
0 X

134 YI

UIER

REAL ARRAY F.P,
INTEGER F,P,
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER F,P,
REAL ARRAY F,P,
REAL ARRAY F.P,
REAL ARRAY F,P,
REAL

INACTIVE 
INACTIVE

6 3
46 6
104 9

PROPERTIES 
INSTACX

EXT REFS NOT INNER 
NOT INNER

INSTACK

STATISTICS 
PROGRAH LENGTH

600DOB SCH USED
156B 104



SUBROUTINE ASNE2 76/76 OPT=2 UN 4,7+485/191 14 AUG 79 20.50,27 PAGE

16

15

25

38

35

45

55

Itt ASNE mUltt VERSION 1, MODIFICATION LEVEL 8 m DK020913 It*

SOLUTION OF THE NORMAL EQUATIONS FOR THE
LEAST SQUARES APPROXIMATION OF A TABULATED FUNCTION
UP TO SPECIFIED ORDER OR PRECISION

mtmmmmmmmmmtmmmmmmmmttmttm

SUBROUTINE ASNE2(WORK,IP,IQPT,ETA,IRES,IER,ERRQR)
DIMENSION WORK(i)
DOUBLE PRECISION DAUX,S,yE,TE3T
LOGICAL ERROR

LEVEL 2,WORK

JER =IER 
IRES =0 
IER =1000 
IF (IP) 27,1,1 

1 IPA =IPH
=IPA+i
=IPA*IPC/2
=MP+IPC
=HORK(MPA>

IPC 
MP 
MPA 
WE 
IER =0 
TEST =-i.D75 
IF (ETA) 5,2,2 

2 IER =1 
TEST =ETA«E 
IF (ETA-1,) 5,4,4

4 IER =IER+180
5 LL =0 

L =1 
LL1 =1

FACTORIZE GIVEN MATRIX

DO 17 1=1,IPA 
LL =LL+I 
K =0

6 S =0,DO 
J =LLi

7 IF (LL-J) 9,9,8 
3 DAUX =UORK(L)

S =S+WORK(J)*DAUX

GOTO 7
9 R =MORK(L) 

S =R-S 
IF (L-LL) 13,10,13

TEST ON LOSS OF SIGNIFICANCE IN PIVOTAL DIVISOR



SUBROUTINE ASNE2 76/76 OPT=2 FTN 4.7*485/191 14 AUG 79 20,50,27 PAGE 2

C3-/6
10 IF (S-ABS(i,E-6*R)) 11,11,12
11 1ER =IER+18 

GOTO 18
12 S =DS6RT(S) 

60 Q =S 
GOTO 14

13 S =S/Q
14 HQRK(L)=S

K =KU
65 L =L+K

IF (K+MPC) 6,6,15
15 L =LL+i 

LLi =L 
UE =HE-S*S

70 IRES =IRES+i 
C
C TEST ON SPECIFIED PRECISION 
C

IF (ME-TEST) 16,16,17 
75 16 IER =IER-i 

LL =LL*iH 
GOTO ie 

17 CONTINUE
LL =HPA

80 18 IF (IOPT) 19,27,19 
C
C CALCULATE LEAST SQUARES APPROXIMATION(S) 
C

19 CONTINUE
35 IF(,NOT,ERROR)GOT0200 

IS=(IP+2)*(ir+3)/2 
IE=IPA*<IPA+i)/2 
DO 110 1=1,IE 

110 yORK(IS+I)=yURK(I) 
90 C

200 IF (IRES) 27,27,20 
20 IS =HPHRCS 

IG =LL-i-IRE3 
DO 26 1=1,IRES

95 J =IRES+i-I 
Q =yORKUG) 
R =yORK(I5) 
DAUX =R 
WORK(IS)-WE

100 UE =yE*DAUXIDAUX 
IS =IS-i 
IG =IG-J 
LL =LL-i 
L =LL 

105 K =IRES-J
IL =IRES 

C
C CALCULATE THE I-TH COEFFICIENT OF THE HIGHEST FIT 
C AND OPTIONALLY OF ALL LOWER FITS 

110 C



SUBROUTINE ASNE2 76/76 OPT=2 FTN 4,7+485/191 14 AUG 79 20,50,27 PAGE

115

120

125

130

21 L =L-IL 
IL =IL-i 
LLL =L 
ILK =IL 
S =O.DO 
J =LH<

22 IF <J-L> 24,24,23
23 DAUX =WORK(J)

S =S+WORK(LLL)*DAUX 
LLL =LLL-ILK 
ILK =ILK-i 
J =M 
GOTO 22

24 WORK(L)=(R-S)/Q 
K =K-i 
IF (IOPT--2) 26,25,26

25 IF (K) 26,21,21
26 CONTINUE
27 IRES =IRES-i 

IF (IER) 30,30,28
28 CONTINUE
29 CALL HIER(IER,20913)
30 RETURN 

END

SYMBOLIC REFERENCE MAP (R=i)

ENTRY POINTS 
3 ASNE2

VARIABLES
267

0
315
316
321

0
301
314
277
305
320
302
313
271
273

DAUX
ETA
IE
IG
ILK
IP
IPC
IS
JER
L
LLL
HP
fl
S
UE

SN TYPE
DOUBLE
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
DOUBLE
DOUBLE

EXTERNALS
DSQRT

RELOCATION 

F.P,

F,P,

TYPE 
DOUBLE

ARGS 
1 LIBRARY

fl
3C7

0
317

0
300

0
311
310
304
306
303
312
275

0

ERROR
I
IER
IL
IOPT
IPA
IRES
J
K
LL
LL1
MPA
R
TEST
WORK

LOGICAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
DOUBLE
REAL

F.P, 

F,P, 

F.P, 

F,P,

ARRAY F.P,

UIER



SUBROUTINE ASNE2 76/76 QPT=2 r TN 4,7+485/191 14 AUG 7920,58,27 PAGE

INLINE FUNCTIONS TYPE 
AfiS REAL

ARGS 
1 INTRIN C3-)?

TATEHENT LABELS
8 1

34 5
0 8
8 11

106 14
141 17

0 20
0 23

245 26
0 29

162 200

LOOPS LABEL
37 17 *

160 110
174 26

STATISTICS
PROGRAM LENGTH

60000B

INACTIVE

INACTIVE
INACTIVE

INACTIVE
INACTIVE

INACTIVE

INDEX FROH-Tfl
I 39 78
I 88 89
I 94 128

324B
SCH USED

0
42
55
74
0

145
213
231
246
254

LENGTH
105B
2B

52B

212

2
6
9
12
15
18
21
24
27
3d

PROPERTIES

INSTACK
OPT

INACTIVE

INACTIVE

0 4
46 7
0 10

10(1 13
0 16
0 19

220 22
0 25
0 28
0 110

INACTIVE

INACTIVE

INACTIVE
INACTIVE

INACTIVE
INACTIVE

EXT REFS EXITS
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LOOPS
60
104
161
203

COMMON

LABEL
140
180
220
320

BLOCKS
DREADIO
BXEA&

INDEX
I
I
I
I

FROM
??

3?
59
S9

 TO
28
48
68
70

LENGTH
2B
2B
2B
2B

f-ROPERTIEL
INSTACK
INSTACK
INSTACK
INSTACK

LENGTH
2
62

STATISTIC'" 

PROGRAM LENGTH 
SCM LABELED COMMON LENGTH 

60000B SCM USED

2S5B 
100B

173
64

C3--2)



SUBROUTINE BREAK* 76/76 OPT=2 FTN 4,7*485/235 03 SEP 79 11,47,45 PAGE

C3-22.
i SUBROUTINE BREAD2(KEY 1 LEN,X,NF),RETURNS(R1)

C~  SEQUENTIAL (KEY=fl)/UPDATING TO 10 FILE HANDLER 
C  -MODIFIED AND REINPUT 4/18/74
C    OPiINHS(NF,INDEX,LENGTH OF INDEXJ) HUST BE INSERTED IN MAIN 

5 DIMENSION XU),XIO(2> 
LEVEL 2,X 
DIMENSION NIOC2) 
EQUIVALENCE (X10,NIO) 

C 
10 C

COMMON/BREADIO/XIO 
C

CQMHDN/BREAD/NFX > LREC > KEYX(20),LLNX(20),KiX(2fl) 
C 

15 IF(NF,GT.2fl)RETURN £1
IF(KEY,EO.O)KEY=KEYX(NF)+LENX(NF)n 
Ki=(KEY-i)/LREC 
K2=KEY-LRECIKi 
Ki--Kin 

20 KEY=LREC»(Ki-l) LJ
IFiKl,LQ,KiXiNF),AND,NF.E9,NFX)GOTO 130 

120 CALL READMS(NF,XIO,L«EC,Ki) 
NFX=NF 
K1X(NF)=K1 

25 130 LENX(NF)=NIO(K2)
IF(LENX(NF),E9,-i)GOTO 160 
IF(LENX(NF),LT.fl)RETURNRi 
IF(K2*LENX(NF).GT,LREC)GOTO 170 
LAST=LL:NX(NF)

30 DO 140 1=1, LAST 
140 X(IMIO(M2) 
ISO CONTINUE 

LEN=LENX(NF) 
XEYXMOKEY

35 RETURN 
160 Ki=Ki?i 

K2=i
GOTO 120 

170 LlfN=LENX(NF) 
40 is=i

IE=LKEC-K2 
17S DO 180 I=IS,IE 
180 X(I)^IO(I*K2)

IF(LEN-IE.LE,fl)GOTO ISO 
45 Kl=K!*i

CALL READMS(NF,XIO,LREC,K1) 
K1X(NF)=K1 
IS=IE 
I£=LEN 

50 IF(LEN-IS.GT,LREC)IE=L^ECflS

GOTO 175
ENTRY ByRITE2 

55 c    CAN ONly REHRITE RECORD JUST REA1) . NEEDS L£N
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6D

75

IF(KEY,EB,I,OR,HFX.HE.NF)RETURN Ri
Ki=(KEY--i)/LREC
XMEY-LRECm

IF(K2+LENX(NF>,GT,LREC)GOTO 300
LAST=LEMX(NF)
DO 220 !=UAST 

220 XIQ(K2+I)=X(I)
CALL WRIT«S(NF,XIO,LR£C,KU,0> 

230 RETURN 
300 CONTINUE

LEN=LENX(NF>
IS=i
I£=L8EC-i(2 

310 CONTINUE
CALL RLADHS(NF,XIO,Li*EC,Ki>
DO 320 I=IS,IE 

320 XIOa:-K2)=X(I)
CALL yRlTHS(NF,XIO,LREC,KI,l,ll)
IF(LDHE,L£,fl)RL7URN
IS=IE

80

IF ( LEN-IS . GT , LREC ) IE*LREC+1S
IS=IS*i
KMi+1
K2=i-I5
GOTO 310
END

SYMBOLIC REFERENCE HAP (R=i)

ENTRY POINTS 
3 BREAD2

VARIABLES 5N TYPE

126 BWRITE2

NIO

RELOCATION
244
245

2
52

243
26
0

I
IS
KEYX
KiX
LAST
LENX
NF

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

ARRAY
ARRAY

ARRAY

BREAD

BREAD 
F.P. 

INTEGER ARRAY BREADIO

TYPE

0 X REAL

EXTERNALS
READHS

STATEMENT LABELS 
34 120 
62 ISO

ARRAY F,P.

246 IE
fl KEY

241 Ki
242 K2

0 LEN
1 LREC
0 NFX
0 RI
0 XIO

MRITMS

INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
RETURNS 
REAL

F.P,

F,P, 
BREAD 
BREAD

ARRAY BREADIO

42 130
67 160

0 140
72 170
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STATEMENT LABELS
77
0
0

LOOPS
60
104
160
203

COMMON

17S
230
320

LABEL
140
180
223
320

BLOCKS
BREADIO
BREAD

INACTIVE

INDEX
I
I
I
I

LENGTH
2
62

FRDM-TO
30 31
42 43
62 63
72 73

9
166

LENGTH
2B
2B
2B
2B

ISO
300

PROPERTIES
INSTACK
INSTACK
INSTACK
INSTACK

0 220
173 310

STATISTICS 
PROGRAM LENGTH 
3CM LABELED COMMON LENGTH 

60000B SCM USED

254B 
100B

172
64
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C3~2£
[ SUBROUTINE BLD(LEN,X,NF),RETURNS(Ri)

DIHENSION X(i),XIQ(2>,NIQ(2)
EQUIVALENCE (N1Q.XIO) 

C 
5 COMON/BLDIO/XIQ

CONHUN/IO /KPTR^RECJREC

IFCKPTiUB,0,OR,NF,Eg,0>RETURN Ri 
10 IFiLEN.LT.DRETURN Ri 

IFdW.Gl.LkECDGQTQ S 
JPTR=KPTRH.EN 
IF'JPTR.LLLREOGOTD 30 

S IE=LREC-KPTR 
15 id IS=i

NIOi'KPTRXEN 
Ii"(IE,LT,i)GDT02i 

15 DO 21) I=IS,IE 
28 XIO(KPTRtI)=X(I) 

20 21 IF(LE3HE,LEJ)GQTO 2:
CALL WkITHS(NF,XIO,LRELMREC,C)

IS=IE 
IE=LEN

25 IF(LEN-IS.GT,LREC)IE^:EC+IS 
IS=IS*i 
KPTR-i-IS 
GOTO 15

25 KPTiMEU+KPTR
30 IF(KPTR.GT.LREC)GOTO 26 

RETURN
26 CALL yRITHS<NF,XIQ,LREC,IREC,8)

IREC=IREC+i
KPTR=i 

35 RETURN
30 NIO(KPTR)=LEN

SO 48 I=i,LEN 
40 XIO(KPTR+I)=X(I)

KPTR=JPTRfi 
40 IF(KPTR.GT.LREC)GOTO 26

RETURN
ENTRY FRC
NIO(KPTR)=-2
CALL «RITNS(NF,XIO,LRECJREC,8) 

45 IREC=IREC+i
KPT8=fl
RETURN
END

SYMBOLIC REFERENCE HAP (R=i)
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ENTRY POINTS 
3 BLD

VARIABLES

113 FRC

SN TYPE RELOCATION
146

2
143

8
142

8
8

I
iREC
JPTR
LEN
LkECi
NIO
X

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

ARRAY
ARRAY

BLD

F,P.

BLDIO
F.P.

EXTERNALS
WRITMS

TYPE ARCS 
5

144
145

8
i
0
i!
0

IE
IS
KPTR
LREC
KF
Rl
XIO

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
RETURNS
REAL

BLD 
BLD 
F,P,

ARRAY BLDIO

STATEMENT LABELS 
32 5 
0 28 

72 26

LOOPS LABEL INDEX
44 2H I

105 40 I

COMMON BLOCKS LENGTH
BLDIO 2
BLD 3

FRON-TO 
18 19 
37 38

0 10
46 21

Iflil 30

INACTIVE

LENGTH 
2B 
2B

37 15
65 25
0 40

PROPERTIES 
INSTACK 
INSTACK

STATISTICS 
PROGRAM LENGTH 
SCM LABELED COMMON LENGTH 

60000B SCM USED

147B 
SB

103
c
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i SUBROUTINE BLD2(LEN ;,X ? NF),RETURNS(R!)
DIMENSION Xa) > XIO(2),NIO(2)
LEVEL 2,X
EQUIVALENCE (NIO.XIO) 

5 COMMON/BLDIO/XIO
CQ«HON/BU>/KPTR,LREC,IRCC 

C
LRECi=L8LC-i
IF(KPTR,E9,O.OR.NF.i:eJ}RETURN Ri 

10 IF(LEN,LT.1)RETURN Ri
IF(LEN.G1,LREC1)GOTO 5
JPTR=!(PTR+LEN

5 IE=LREC-KPTR 
15 10 IS=i

N10(KPTR)=LEN 
IF(IE,LT,i)GOTO 21 

15 DO 20 1=15, IE 
20 XIO(K)>TR+I)=X(I)

20 21 IF(L£N-IE.LEJ)GOTO 25 
CALL yk'ITHStNF^XIDjLRE 
IREC=IREC+1 
IS=iE 
IE4JIN 

25 IF(LEN-IS,GT,LREC)IE=LRLT»I5

GOTO 15
25 KPTR=IE+1+KPTR

30 IFCKPTR.GT.LREOGOTO 26 
RETURN

26 CALL yRITHS(NF,XIO,LREC,IREC,0)
IRCC-IREC+i
KPTR=i 

35 RETURN
30 NIO(KPTR)=LEN

DO 40 i=i,LEN 
40 XHKKPTRtI)=X(I)

KPTR=JPTRH 
40 IF(KPTR,GT,LREC)GOTO 26

RETURN
ENTRY FRC2
NIO(KPTR)=-2
CALL tfRITHS(NF,XIO,LREC,IREC,0) 

45 IREC=IREC+1
KPTR=0
RETURN
END

SYMBOLIC REFERENCE HAP (R*l)
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ENTRY POINTS 
3 BLD2

VARIABLES

113 FSC2

SN TYPE RELOCATION
146
2

143
8

142
0
0

i

IREC
JPTR
LEN
LRLCi
NIO
X

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

BLD

F.P,

ARRAY BLDIO
ARRAY F.P.

144 IE
145 IS

fl KPTR
i LREC
0 NF
0 Ri
D XIO

INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
RETURNS 
REAL

BLD 
BLD 
F,P,

ARRAY BLDIO

EXTERNALS TYPE ARGC 
WRITMS S

STATEMENT LABELS 
32 S 
0 20

72 26

8 10
46 21

10(1 30

INACTIVE 37 15
65 25

LOOPS LABEL
44 20
105 40

COHHON BLOCKS 
BLDIO 
BLD

INDEX
I
I

LENGTH

FRQH-TO 
18 19 
37 38

LENGTH
2B 
2B

PROPERTIES 
INSTACK 
INSTACK

STATISTICS 
PROGRAN LENGTH 
SCH LABELED COMMON LENGTH 

60000B SCH USED

147B 
SB

103
5
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i SUBROUTINE IORDEL3iNUH,IX,Y,NY f LYDIM,AUX)
C ORDERS IN ASCENDING VALUE - X(LYDIH) AND Y(LYDIH,NY) ACCORDING TO 
C IXiNUH)

DIMENSION IX(i),Y(LYD!H,i),AUX(i) 
5 LOGICAL AGAIN 

C
LEVEL 2,IX,Y,AUX 

C 
C 

10 C

100 AGAIN=, FALSE, 
C

I=i
IS 2 IF(I,GT,LAST)GOTO 21 

C

4 IXi^IXU)
IXU)=IX(W) 

20 IXU+i>=IXi
5 ir(NY,i:Q,l))GOTO 19 

DO 6 J=i,NY
6 AUXU)^(I,J) 

DO 10 J=i,NY 
25 10 Y(IJ)=Y(W,J)

DO 1C J=i,NY 
15 Y(MJ)=AUX(J)

GO TO i? 
C 

30 16 IXi=W
IF(IXi,GT,LAST)GOTO 118 
DO 18 J=IX1,LAST 
IX(J)=IX(J+i) 
IF(NY,LQ,0)GO TO 18 

35 DO 17 JJ=i,NY
17 Y(JJJ)=Y(JM,JJ)
18 CONTINUE 

110 NUH=NUH-i
LAST=LAST-1 

40 C
19 AGAIN=,TRUE,
20 CONTINUE 
I«W 
GOTO 2 

45 C
21 CONTINUE

IF(AGAIN)GOTO i
RETURN
END
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SYMBOLIC REFERENCE MAP (R=i)

ENTRY POINTS 
3 IORDEL3

VARIABLES SN TYPE 
102 AGAIN LOGICAL 
104 I INTEGER 
IDS 1X1 INTEGER
107 JJ INTEGER

fl LYDIH INTEGER
3 NY INTEGER

STATEMENT LABELS
12 1

RELOCATION

F,P,
F.P,

16
0 S INACTIVE 0
0 15

67 18
76 21

LOOPS LABEL INDEX
31 6 J
40 10 J
47 15 J
60 IB * J
65 17 JJ

STATISTICS
PROGRAH LENGTH

60000B SCH USED

FROH-TO
2223
2425
26 27
32 37
35 36

116B

52
73

(I

LENGTH
3B
2B
3B
19B
2B

73

0 AUX REAL ARRAY F,P 
8 IX INTEGER ARRAY F.P 

106 J INTEGER
103 LAST INTEGER

0 NUH INTEGER F,P
0 Y REAL ARRAY F,P

2 8 4
6 0 10
16 0 17
19 74 20
108 INACTIVE 70 110

PROPERTIES
INSTACK
INSTACK
INSTACK

NOT INNER
INSTACK

INACTIVE



SUBROUTINE LAPTIM2 76/76 OPT=2 . , -' FTN 4,7+485/191 14 AUG 79 20,50,27 PAGE i

7 ' C3 -5 >
1 SUBROUTINE LAPTIM2(DLAP,TLAP,LAP,S,FIT,LT,yQRK,ERRQR) v

C
C LAPLACE TO TINE INVERSION FOR INDIVIDUAL POINT
C DLAP - FUNCTION VALUES IN LAPLACE SPACE

5 C TLAP - LAPLACE REDUCED TIHES FOR EACH DLAP (ARGUMENT)
C LAP - NUMBER OF LAPLACE REDUCED TIHES (VECTOR LENGTH)
C S - OUTPUT CONSTANTS SO,Si,S2,,,, FOR TIHE SERIES
C E(T)=SO+Si(i-EXP(-T/RLAX(i)mS2(i-EXP(-T/RLAX(2))),,,
C (VECTOR LENGTH LT)

10 C FIT - VARIANCE OF FIT TO SERIES
C LT - ORDER OF APPROXIMATION ( WW r' ? f  * }
C LT+i - GIVEN NUMBER OF TERMS IN SERIES TO BE FITTED
C (LESS THAN LAP)
C FLOW - .TRUE, IF CONSTANT FLOW TERM INCLUDED IN UT

15 C RLAX - RELAXATION TIMES TO BE USED (LENGTH LT)
C

DIMENSION DLAP(i),TLAP(i),S(i) ; 
DIMENSION yORK(i),AUX(20),y(2fl) 

20 LOGICAL FLOW,ERROR 
C

LEVEL 2,DLAP,S,FIT,yORK 
i

COHHON/RTIHE/FLOy,RLAX(20) 
25 EXTERNAL FCT 

C
cmmmmmmtmmmmmmmmmimmmmmmmm
c
C SETUP 

30 C
IORDER=LT
IF(FLOU}IORDER=IORDER+1
LEN=IORDERH
DO 1100 M,LAP 

35 y<I)*-i.
1100 CONTINUE ' /$ 

C /
CALL AGF2(FCT,TLAP,DLAP > «,LAP,10RDER,WORK > AUX,IER) 

C
40 C SOLUTION OF NORMAL EQUATIONS 

C
ETA=-i,
IOPT=i ('
CALL ASNE2(WORK,IORDER,IOPT >ETA,IRES,IER,ERROR) 

45 C
IC:IORDERt(IORDER+l)/2
IF=(IORDERii)*(IORDER+2)/2+i+IORDER
DO 1200 1=1,LEN
S(I)=yORK(ICfI) 

50 1200 CONTINUE
FIT=ABS(HORK(IF))/FLOAT(LAP-LEN)
IF(,NOT,ERROR)GOTO 1500
IS=(IORDER+2)t(IORDER^3)/2
IC=LENt(LEN+i)/2 

55 DO 1310 1=1,LEN
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DO 1310 J=i,I

60

65

INE«=(M)*I/2+J
HORK(INE«)=HORK(IOLD+IS) 

1310 CONTINUE
CALL HIS2(HORK(i),LEN,IER)
DO 1320 1=1, 1C
HORKU>=WORK(I>*FIT 

1320 CONTINUE
URITE(20)(UORK(I),I=1,IC) 

1508 CONTINUE
FIT=SQRT(FIT)
RETURN
END

SYMBOLIC REFERENCE HAP (R=i)

ENTRY POINTS
3 LAPTIH2

VARIABLES SN
165 AUX

0 ERROR
a FIT

152 I
153 IER
164 INEH
155 IOPT
156 IRES
162 J
151 LEN

1 RLAX
a TLAP
0 WORK

FILE NAMES
TAPE20

EXTERNALS
ACF2
FCT
SQRT

TYPE
REAL
LOGICAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL

NODE
UNFHT

TYPE

REAL

ARRAY
RELOCATION

F,P, 
F,P,

ARRAY 
ARRAY 
ARRAY

RTIHE 
F,P, 
F.P,

INLINE FUNCTIONS TYPE 
ABS REAL

ARGS 
9 
0 
1 LIBRARY

ARGS 
1 INTRIN

0 DLAP
154 ETA

0 FLOW
157 1C
160 IF
163 IOLD
150 IORDER
161 IS

0 LAP
0 LT
0 S

211 U

REAL
REAL
LOGICAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL

ARRAY F,P,

RTIME

ARRAY 
ARRAY

F,P, 
F,P, 
F,P,

ASNE2 
HIS2

FLOAT REAL 1 INTRIN

STATEMENT LABELS 
0 1100 
0 1320

0 1200
111 1500

0 1310
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LOOPS LABEL INDEX FROH-TO LENGTH PROPERTIES C 3   33
IS 1100 I 34 36 2B INSTACK
44 1200 I 48 50 2B INSTACK
64 1310 * I 55 60 10B NOT INNER
67 1310 J 56 60 4B INSTACK
101 1320 I 62 64 3B INSTACK

COHHON BLOCKS LENGTH 
RTIHE 21

STATISTICS
PROGRAH LENGTH 235B 157 
3CH LABELED COHHON LENGTH 25B 21 

60000B SCH USED
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1 C
SUBROUTINE FCT(TLAP,IORDER,DLAP) 

C
C FUNDAMENTAL FUNCTIONS FOR LAPLACE INVERSION 

5 C
DIMENSION DLAP(i) 
LOGICAL FLOU
COMMON/RTIME/FLOW,RLAX(20) 
DLAP(1)=1, 

10 IF(FLOU)GOTO 2000
IF(IORDER,LE.O)KETURN 
IX-i -^

1000 DO 1100 I=i,IE
15 DLAP(I+IX)=i,/(l,+RLAX(I)*TLAP> 

iiOO CONTINUE
RETURN 

2000 CONTINUE
DLAP<2M,/TLAP 

20 IE=IORDER-i
IF(IORDER,LE.O)RETURN
IX=2
GOTO 18811
END

CARD NR. SEVERITY DETAILS DIAGNOSIS OF PROBLEM

19 I DLAP ARRAY REFERENCE OUTSIDE DIMENSION BOUNDS,

SYMBOLIC REFERENCE MAP (R=i)

ENTRY 
3

POINTS 
FCT

VARIABLES *!
0

36
0
i

DLAP
I
IORDER
RLAX

3N TYPE
REAL
INTEGER
INTEGER
REAL

RELOCATION
ARRAY

ARRAY

F.P,

F.P.
RTIME

0
35
34
0

FLOU
IE
IX
TLAP

LOGICAL
INTEGER
INTEGER
REAL

STATEMENT LABELS
14

LOOPS
21

1000

LABEL
1108

INDEX
I

FROM-TO
14 16

8

LENGTH
3B

1100

PROPERTIES
INSTACK

RTIME

F,P,

24 2008
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COrtHGN BLOCKS LENGTH 
RTIHE 21

TATISTICS 
PROGRAH LENGTH 
SCH LABELED COHNON LENGTH 

60000B SCH USED

37B 
25B

31
21
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10

15

25

SUBROUTINE ORDER(NUH,X,Y,NY,LYDIH,AUX)
ORDERS IN ASCENDING VALUE - X(LYDIH) AND Y(LYDIM,NY) ACCORDING TO 

X(NUM)
DIMENSION XU),Y(LYDIM,i),AUXU) 
LOGICAL AGAIN

1 LAST=NUM-i 
100 AGAIN=, FALSE, 

DO 28 1=1, LAST
2 IF(X(M),GE,X(I))GOT020 
Xi=XU)

X(M)=Xi
5 IF(NY,E8,8)GOTO 19 
DO 6 J=i,NY

6 AUX(J)=YU,J>
DO ifl J=i,NY 

10 Y(I,J)=Y(M ) J)
DO 15 J=i,NY 

15 Y(IH,J)=AUX(J)
19 AGAIN=,TRUE.
20 CONTINUE

IF(AGAIN)GOTO 100
RETURN
END

SYMBOLIC REFERENCE MAP (R=i)

ENTRY POINTS 
3 ORDER

VARIABLES SN TYPE RELOCATION
54 AGAIN
56 I
55 LAST
0 NUM
0 X
0 Y

LOGICAL
INTEGER
INTEGER
INTEGER
REAL
REAL

ARRAY
ARRAY

F.P
F,P
F.P

0 AUX
60 J
0 LYDIM
0 NY

57 XI

REAL
INTEGER
INTEGER
INTEGER
REAL

ARRAY F,P,

F,P, 
F,P,

STATEMENT LABELS 
0 1 
0 6 

46 19

INACTIVE 0 2
0 10

47 20

INACTIVE 8 5
8 15

14 100

INACTIVE

LOOPS LABEL INDEX
16 26 * I
27 6 J
35 ifl 
44 15

FROM-TO
10 23
16 17
18 19
20 21

LENGTH
32B
2B
2B
2B

PROPERTIES
1

INSTACK
INSTACX
INSTACK

NOT INNER
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STATISTICS
PROGRAM LENGTH 666 54 

66000B SCH USED

C3-37*->/
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APPENDIX C.4 C.4-1

i C PROGRAH 30LBLB? HUILD5 NEH TIHE FILE FROH INVERSION TIHE FILE 
C GIVEN FAULT DISPLACEMENTS

PROGRAH SOLBLD(INPUT > OUTPUT,7APE8,TAPEii,TAPEi3, 
i TAPES=1NPUT,TAPE6=OUTPUT) 

5 C
C READS FROM SOLUTION FILE 
C INPUTS TIHES FOR COMPUTATION AND DATA 
C D1SP, ERROR, ID ALL NOBS LONG 
C 

10 DIMENSION TITLE(28),PTiTLE(2fl)
DIMENSION IFBCQN(2DO),IFAULT(200,2>,IDOF(200) 
DIMENSION DFAULT(200,2) 
EQUIVALENCE (IFAULT,DFAULT) 
DIMENSION TIHE(20),DUiNSOO),IDUH(500),TLAP(20) 

15 DIMENSION UT(20,200),IUTi2C,200) 
EQUIVALENCE (DUM,IDUM},tUT,IUT)
LOGICAL FLOWjGRAV/OLDWRK^RAVSjGRAVB.QMALTjOUT^'AULT^AGAIN 

C
CQHHDN/IO/KR>Ktf,i(P,KTf,KT2,KT3

20 COMHON/PROB/HASHi ? OLDWRK,LENGTH,GRAV,GRAVS,GRAVB,GHALT,NFLT, 
i NLAP,NDIM,DISP2
COMHCN/SIZE/NET,NDT,NETNEK,NDTNEW,LNQDNH
EOHMON/RTIME/FLOW,RLAX(2{I) 

C 
25 COHMON/BREAD/NFX ; LRECBR,KEYX(2fl),LENX(29> f KlX(20}

COMMON/BREADIO/XIOBR(2048)
COMMON/BLD /KPTR,LREC,IREC
COMHON/BLDIO/XIOWR(2048)
COMMON/INDEX/lNDEXidOOIDjlNDEXSdOOO) 

30 P
DATA KPTR/i/,LREC/2948/,IREC/i/
DATA NFX/0/,KEYX/2fl$0/,LENX/2fl*fl/,KiX/2i)»0/ >LRECBR/2fl48/ 

C
NAHELIST/IOK/KR,KW,KP,KT1,KT2,KT3,OUT

35 NAMELIST/IN/TUNIT.FLOH^LDyRK^RAV^RAMS^GRAVBjGMALT^DIM^DISPa 
C
tmmmmmmmmmmmmmmtmmmmmtmmmm 
c

OUT=,FALSE,
40 C  SETUP 

KR=5 
KW=6 
KP=7

C-   NEW TIME FILE 
45 KTi=ii 

KT2=12 
C --TIHE FILE

KT3=13 
C 

58 READ(S,IOK)
CALL OPENHS(KT1,INDEX!,1000,0) 
CALL OPENHS(KT3,!NDEX3,1800,0) 
READ(KR ; IN) 

C 
55 C  INPUT SOLUTION FILE
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KEYTHP=0
CALL BREAD<KEYTHP,LEN,71TLE,KT3>,RETURNS<9000) 
KEYTHP=0 

68 CALL »READ(KEYTHI) ,LEN,HASHi > KT3) .RETURNS (9000)

CALL BREAD(KEYTHP,LEN,NET,KT3),RETURNS(9880) 
KEYTHP=0
CALL BREAD(KEYTHP,LEMLAP,KT3METURN5(?B00) 

65 LAP=LEN 
KEYiHP=6
CALL BREADfKEYTHP >LEN,FLOy,KT3) .RETURNS (9000) 
LT=LCN-i 
KEYTHP=0

70 CALL BREAD(KEYTHP,NDOI: > iDOF,KT3) / RETURNS(90flO) 
C
C  -READ TITLE,INPUT DATA 
C

REftD(KR,iO)PTITLE 
75 18 FORHAT(20A4) 

C
iiflO CONTINUE 

C    READ FAULT PARAHETERS
READ(KR,*)NFAULT

80 READtKR^OdFAULTCJjDjDFAULTd^J.M.NFAULT) 
1150 CONTINUE 

C
C  -SCAN SOLUTION FILE FOR NUHBERS OF FAULT 
C 

85 KEYTHP=0
CALL BREAD(KEYTHP,LLN,DUH,KT3),RETURNS(90QO) 
KEYST=KEYTMP 
IFCLEN.EQ.DGOTO 9iOS 

1200 CONTINUE 
90 KEYTHP=0

CALL BREAD(KEYT«P,LEN,DUH,KT3),RETURNS(9C08) 
IFtLCN.EQ.DGOTO 1210 
GOTO 1208 

1210 KEYTHP=0
95 CALL BREAD(KEYTHP > NFLT,IFi(CON,KT3),RETURNS(9000) 

KEYFLT=KEYT«P 
IF(NFLT,E9,i)GOTO 7209 

1238 CONTINUE 
C

100 C    OUTPUT PROBLEH HEADINGS 
C

yRITE(Ky,20)TITLE,PTITLE 
20 FCRHAT(iHl,*PROGRAH SQLBLD? BUILDS TIME FILE FRQH INVERSION*,

i/,« SOLUTION FILE? «,2BA4/t NEW TINE FILE? * > 20A4// 
105 2 t INPUT DATA?*) 

WRITE (KW, IN)
WRITE(KH > 22)HASH1,N£T,NDT 

22 FORHAT(1HO,*HODEL HASH CODEM^S^X^NET^jIifljiOX^NDT^^Iie)
WRITE(K»,24)LT,FLOW > (RLAX(I),I=i } LT) 

110 24 FORHAT(1H8,*TIHE SERIES CON3TANTS* > 5X,*ORDER=*,14 > 10X,*FLOW=*,L2,/
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'

28 FORHATdHO,*DOF IN TIME FILE - NDOF=* ( I6/,20dX,28IS/»
WRrfE(KW > 32)NFLT t (IFPCON(I) ) I=i,NFLT) 

115 32 FQRMATdHO,*FAULT DOF IN TIHE FILE - NFLT=t,I6/,2fldX,20I5,/)>

34 FORHAT(iHO,IFAULT DOF REQUESTED FOR SOLUTION - NFAULT=*,I&) 
1255 «RIl£(*M6)aFAULia,i),DFAULTd,2>,J=i,NFAULT)

36 FQRMATdX,IE,.,iFEii,3) 
120 1260 CONTINUE 

C
C    CHECK FOR ALL FAULT ELEHENTS REPRESENTED 
C

NEXT=1 
125 1320 AGAIN=. FALSE.

DO 1330 I=1,NFLT
IF(IFAULT(N£XT,i).NE.IFBCONd))GOTO 1338 
IDUM(NEXT)=I

130 IF(NEXT,GT,NFAULT)GOTO 1350 
1325 CONTINUE

AGAIN=,TRUE, 
13311 CONTINUE

IF(AGAIN)GOTO 1320 
135 GOTO 9300 

1350 CONTINUE
CALL lOKDERtNFAULTJDU 

C 
C

140 C    READ AND CONSTRUCT ARRAY 
C

WRITE(KK,48) 
48 FORMATdHOjJCONSTRUCT TIHL FILE*)

CALLBLD(20 > PTITLE,KTi),RETURNSt9008) 
145 CALL BLD(ii / HASHl > KTl),RETURNS(9080)

CALL BLD(5,NET,KTi) ; RETURNS(9000)
CALL BLD(LAP,TLAP,KTi),RLTURNS(9000)
LEN=LTH
CALL BLD(LEN > FLOW,KTi) ; RETURNS(9000) 

ISO CALL BLD(NDOF,IDOF,KTi),RETURNS<9Qflfl)
NDOF=NDOFil
DO 2010 JJ=i,NDOF
DO 2010 1=1,20 

2010 UT(I,JJ)=0. 
155 NEXT=i 

2100 CONTINUE
FAULT=, FALSE,
DO 2550 11=1, NFLT
IFB^IFBCONdl) 

160 AGAIN=, FALSE,
DP=DFAULT(NEXT,2)
IFLT=IFAULT(NEXT,1)
KEYT«P=fl
IF(ILEfl,i)KEYTHP=KEYST 

165 CALL BR£AD(KEYTHP,LEN,DUH,KT3),RETURNS(9000)
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2150 CONTINUE
IFUFLT.NE,IFB)GOTO 2200
FAULT=. TRUE.
AGAIN=.TRUE. 

170 IF(Il)UH(i),NE,0)GOTO 9300
IF^EXT.NE.DGOTO 2166 9
UT(i,i)=DUM(i) V 

2160 UT(2,i)=SQRT(UT(2,i)tt2+i>UH<2)tt2)
DO 2170 I=3,L£N

175 UT(I,i)=DUH(I)tDP+UT(I,i) 
2170 CONTINUE 
2200 CONTINUE

DO 2500 JJ=2,NDQF
KEYTHP=0 

188 CALL BREAD(KEYTMP,LEN,DUM,KT3),RETURNB(9008)
IF(. NOT. AGAIN)GOTO 2500

UT(i,JJ)=DUH(l) , ' / ^ 
2210 UT(2,JJ)=Si»T(UT(2,JJ>«2+bUH(2)M2> 

185 DO 2250 I=3,LEN
UT{I,JJ)=DUH(I)*DP4-UT(IJJ) 

2250 CONTINUE 
2500 CONTINUE 
2510 IF(FAULT)GOTO 2540 

190 GOTO 2550 
2540 CONTINUE 

NEXT=NEXT+i 
FAULTS FALSE.
IF(MEXT.GT,HFAULT)GOTO 2580 

195 2550 CONTINUE 
GOTO 9300 

2580 CONTINUE 
C

DO 2600 I=i,NDOF
200 CALL BLD(LEN,UT(i,D,KTl) > RETURNS(9000) 

IF<OUT}HRITE(KH,S5MUT(JJ f I),JJ=i,LEN) 
2600 CONTINUE 

55 FORHAT(iX,IiO,iPiOEii.3)
NDOF=NDOF-i

205 CALL BLD(i,NDOF,KTi),RETURNS(9000) 
CALL BLD(i,NDOF > KTi),RETURNS(9000) 
CALL FRC(0,0,KT1),RETURNS(9000) 

C
WR1TE(KW,99) 

210 99 FORHATd -    COHPLETION OF SOLBLD  *)
STOP 

C
C  ---ERROR MESSAGES 
C 

215 9000 HRITE(6,9eOi)KEYTNP,LEN
9001 FORMAT**   ERROR IN BREAD  -KEYT^LEN=» ,2110)

9100 HR1TE(6,9101)
9101 FORMAT**    NO SOLUTIONS IN TIME FILE  --*) 

220
s
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<m
9200 HRITE(6,920i)
9281 FORMAT** ~ -NO INTERNAL BOUGIES 

SJ9P t. ' ^
9300 WRITE(6,930i)IFAULTiNL:XT,i),NEXT
9301 FORMAT**   --NOT INCLUDED FAULT D 

STOP 
END

  *)

SYMBOLIC REFERENCE MAP (8=1)

ENTRY POINTS 
2705 SOLBLD

VARIABLES SN TYPE
4056

12
4720

0
3
4

4871
4720
4075
4077

0
2

4066
4070
4060

2
0
4
1

4062
2
4
1

11
1
0

4072
7

10
4054

1
15544
4057

0

AGAIN
DISP2
DUM
FLOW
GRAM
GRAYS
I
IDUM
IFB
IFLT
INDEX!
IREC
J
KEYFLT
KEYTMP
KP
KR
KT2
KW
LAP
LENGTH
LNODNU
LRECBR
NDIH
NDT
NET
NEXT
NFLT
NLAI'
OUT
RLAX
TITLE
TUN1T
XIOBR

LOGICAL
REAL
REAL
LOGICAL
LOGICAL
LOGICAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
LOGICAL
REAL
REAL
REAL
REAL

RELOCATION

PROB
ARRAY

RTIHE
PROB
PROB

ARRAY

ARRAY INDEX
BLD

10
10
10
10

PROB
SIZE
BREAD
PROB
SIZE
SIZE

PROB
PROB

ARRAY RTIHE
ARRAY

ARRAY BREADIO

4100
4076
4055

6
5
0

16124
4100
15614
4074
1750
5784
4073
4067

c

0
3
5

52
4061
26
1

4063
4064

3
2

4065
0
1

15578
16434
16460
5704

0

BFAULT
DP
FAULT
GMALT
G8AVB
HASH!
IDOF
IFAULT
IFBCON
II
INDEX3
IUT
JJ
KEYST
KEYX
KPTR
m
KT3
KiX
LEN
LENX
LREC
IT
NDOF
NDTNEW
NETNEW
NFAULT
NFX
QLDHRK
PTITLE
TIME
TLAP
UT
XIOUR

REAL
REAL
LOGICAL
LOGICAL
LOGICAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
LOGICAL
REAL
REAL
REAL
REAL
REAL

ARRAY

ARRAY
ARRAY
ARRAY

ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

ARRAY
JUNDEF
ARRAY
ARRAY
ARRAY

PROB
PROB
PROB

INDEX

BREAD
BLD
10
10
BREAD

BREAD
BLD

SIZE
SIZE

BREAD
PROB

BLDIO
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FILE NAMES MODE 
0 INPUT 
0 TAPES NAME

76/76 OPT=2

445 OUTPUT 
445 TAPE6

FTN 4.8+498/267 25 SEP 79 21,46,56 PAGE

EXTERNALS 
BID 
FRL 
OPENHS

NAHELISTS 
IN

STATEMENT LABELS

TYPE ARCS 
3
3
4

IOK

1S57 TAPEii 
FMT iii2 TAPE8

BRflAD
mm
S9RT REAL

2224 TAPE13

i LIBRARY

3574
3662
3726
3762

0
0

3072
3103

0
3173
3222
3234
3273
4013
3304

10
24
34
55
1150
1230
1320
1350
2150
2200
2508
2550
9009
9101
9300

FMT
FMT
FMT
FMT

FMT

INACTIVE
INACTIVE

INACTIVE

LOOPS
2764
3056
3074
3131
3132
3137
3170
3200
3217
3243

LABEL

1330
2010
2010
2550
2170
2500
2250
2600

INDEX
J
I
I
JJ
I
II
I
JJ
I
I

FROH-TO
80
ilB
126
152
153
158
174
178
185
199

80
118
133
154
154
195
176
188
187
202

LENGTH
18B
10B
5B
4B
2B

100B
3B

26B
3B
16B

3616 20
3700 28
3744 36
3770 99
3003 1200

0 1255
8 1325
0 2618

3161 2160
3207 2210

8 2510
3237 2580
4002 9001
3301 9200
4836 9301

FHT
FHT
FMT
FMT

INACTIVE
INnCTIVE

INACTIVE

FMT

FMT

LENGTH ^ROPERTIES
18B
10B

EXT REFS
EXT REFS

5B INSTACK EXITS
4B NOT INNER

3645 22
3713 32
3752 48

0 1100
30ii 1218

0 1260
3100 1330

0 2100
0 2170
0 2250

3230 2540
8 2600

3276 9100
4024 9201

FHT 
FMT 
FMT

INACTIVE 

INACTIVE

INACTIVE

FHT

1NSTACK

INSTACK

INSTACK

EXT RtFS EXITS NOT INNER

EXT REFJ EXITS NOT INNER

EXT REFS EXITS

COMMON BLOCKS 
10
PROB 
SIZE 
RTIME 
BREAD 
BREADIO 
BLD 
BLDIO 
INDEX

LENGTH
6

11
5

21
62

2048
3

2048 
2000

STATISTICS 
PROGRAM LENGTH 
BUFFER LENGTH

14216B 6286 
2266B 1206
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STATISTICS 
SCH LABELED COMMON LENGTH 14074B 6264

iOOOOOB SCH USED 
(BOTTOM OF FILE)
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1 SUBROUTINE BREAD(KEY,LEN,X,NF),RETURNS(Ri)
C-  - SEQUENTIAL (KEY=0)/UPDATING TO 10 FILE HANDLER 
C-  -MODIFIED AND REINPUT 4/18/74
C  --OPENMIi(NF,INDEX,LENGTH OF INDEX, 8) MUST BE INSERTED IN HAIN 

5 DIMENSION X(i),XIO(2) 
DIMENSION NIO(2) 
EQUIVALENCE (XIQ,NIO) 

C
COMMON/BREADIO/XIO

10 COMMON/BREAD /NFX>LREC,K£YX(20),LENX(2Q),K1X(20> 
C

IF(NF,GT.20)RETURN Ri 
IF(KEY,EQ,0>KEY=KEYX(NF)+LENX(NFW 
Ki=(KEY-i)/LREC 

15 K2^KE 
Kl=KH-i

IF(Ki.tg.KiX(NF),ANDJF.E8.NFX)GOTO 130 
120 CALL RL:ADMS(NF,XIO,LREC,Ki) 

20 NFX=NF
K1X(NF)=K1 

130 LENX(NF)=NIO(K2)
IF(LENX(NF).EQ,-i)GOTO 160 
IF(LENX(NF).LT.O)RETURN Ri 

25 IF(K2^L£NX(NF),GT,LREC)GOTO 170 
LAS'i=LLNX(NF) 
DO 140 I=i,LAST 

140 X(I)=XIO(I*K2) 
150 CONTINUE

30 LEN=LENX(NF) 
kEYX(NF)=KEY 
RETURN 

160 Ki=KW
K2=l 

35 GOTO 120
170 LEN=LENX(NF) 

IS=i
IE=LREC-K2 

175 DO 130 I=IS,IE 
40 180 X(I)=XIQ(I+K2)

IF(LEN-1E,LE,0)GOTO 150

CALL READHS(NF,XIQ,LREC,Ki>
K1X(NF)=K1 

45 IS=IE
IE=LEN
IF(LLrN-IS,GT.LREC)IE=LREC+IS
IS=ISH
K2=1-IS 

SO GOTO 175
ENTRY BWRITE 

C  -CAN ONLY REWRITE RECORD JUST READ - NEEDS LEN
IF(KEY,Ea,0,OR,NFX,NE,NF)RETURNRi
Ki=(KEY-i)/LREC 

55 K2=KEY-LREC*Ki
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60

65

70

75

80

IF(K2H.ENX(NF),GT.LREC)GQTO 300
LAST=LLNX(NF>
DO 220 1=1,LAST 

220 XIQ(K2*IM(I)
CALL yRITHS(NF,XIO,LREC,Ki,i,§) 

230 RETURN 
300 CONTINUE

LEN=LtNX(NF>
IS=1
IE*LREC-K2 

310 CONTINUE
CALL READHS(NF,XIO,LREC,K1)
DO 320 I=IS,IE 

320 XIQU+K2)=X(I)
CALL HRITHS(NF,XIO,LREC,Ki,U)
IF(LLN-IE.LE.O)KETURN
IS=IE
IE=LEN
IF(LEN-IS,GT,LREC)IE=LREC*IS
IS=IS+i
Ki=Xi+i
K2=i-I5
GOTO 310
END

SYMBOLIC REFERENCE HAP (R=i)

o ENTRYSPQBHHD 127 BWRITE

VARIABLES SN TYPE
244
245

2
52

243
26
0
0
9

I
IS
KEYX
KiX
LAST
LENX
NF
NIO
X

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

RELOCATION

ARRAY 
ARRAY

ARRAY

BREAD 
BREAD

BREAD 
F,P,

ARRAY BREADIO 
ARRAY F.P,

EXTERNALS TYPE ARCS 
READHS 4

STATEMENT LABELS 
34 120 
62 150 
77 175 
0 230 INACTIVE

246 IE
0 KEY

241 Ki
242 K2

0 LEN
1 LREC
0 NFX
0 Rl
0 XIO

WRITMS

42 130
67 160
0 180

167 300

INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
RETURNS 
REAL

F,P.

F,P, 
BREAD 
BREAD

ARRAY BREADIO

0 140
72 170
9 229

174 310
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LOOPS LABLL
60 140

194 130
161 220
203 320

INDEX
I
I
I
I

FRQH-TQ
27 28
39 40
S9 60
69 70

LENGTH
2B
2B
2B
2B

PROPERTIES
INSTACK
INSTACK
INSTACK
INSTACK

COHHON BLOCKS LENGTH
BREADIO 2
BREAD 62

STATISTICS 
PROGRAM LENGTH 
SCH LABELED CDHHON LENGTH 

iDOQOOB SCM USED

255B 
109B

173
64
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i SUBROUTINE BLD(LEN,X,NF),RE7URNS(Ri) 
DIMENSION X(i),XlG(2KNIO(2) 
EQUIVALENCE <NIO,XIO) 

C 
5 CQHHGN/BLDIO/XIQ

COMMON/ELD /KPTR,LRLC,IREC 
C

LRECi=LREC-i
IF(KPTR,EQ,0,OR.NF.EQ,fl)RETURNRi 

10 IF(LEN,LT,i)RETURNRl 
IF(LEN.GI.LRECi)GOTO 1, 
JPTR=KPTR+LEN 
IF(JPTR,LE.LREC)GOTO 30 

5 IE=LREC-KPTR 
15 10 IS=i

NIO(KPTR)=LEN 
IF(IE,Ll.i)GDTO 21 

15 CO 20 MS, IE 
20 XIO(KPTR4I)=X(I) 

20 21 IF(LEN~IE.LE.0)GUT025
CALL HRnHS(NF,XIO,LREC,lREC,0) 
IREC=IREC+i 
IS=IC 
IE=LEN

25 IF(LEN-IS.6T.LREC)IE=LREC+IS 
IS=IS*i 
KPTR=i-IS 
G010 15

25 KPTR=IE+i+KPTR
30 IF(KPTR.GT.LREC)t:01Q 26 

RETURN
26 CALL «RITHS<NF ; XIO ; LR£C.,IREC,fl)

IREC=IREC+i
KPTR=i . 

35 RETURN
30 NIO(KPTR)=LEN

DO 4fl I=i,LEN 
40 XIO(KPTR+I)=X(I)

KPTR=JPTR*i 
40 IFiKPTR.GT.LREOGOTO 26

RETURN
ENTRY FRC
NIQ(KPTR)=-2
CALL yRITMS<NF,XIQ,LRECaREC,0) 

45 IREC=IRECfl
KPTR=Q
RETURN
END

SYMBOLIC REFERENCE HAP (R=i)
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ENTRY POINTS
3 BLD

VARIABLES SN
146 1
2 IREC

143 JPTK
0 LEN

142 LRECi
0 NIO
0 X

EXTERNALS
URITMS

STATEMENT LABELS
32 5
0 20

72 26

LOOPS LABEL
44 20
105 40

113

TYPE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

TYPE

INDEX
I
I

FRC

RELOCATION

ARRAY
ARRAY

ARGS
5

FROH-TO
18 1?
37 38

BLD

F.P,

BLDIO
F.P.

ii

LENGTH
28
2B

<:< /-1 z

144 IE INTEGER
145 IS INTEGER

0 KPTR INTEGER BLD
1 LREC INTEGER BLD
0 Nf- INTEGER F,P.
0 Ri RETURNS
tf XIO RLAL ARRAY BLDIO

0 10
46 21

iOli 30

INACTIVE 37 15
65 25

PROPERTIES 
INSTACK 
INSTACK

COMMON BLOCKS LENGTH
BLDIO 2
BLD 3

STATISTICS 
PROGRAM LENGTH 
SCM LABELED COHMON LENGTH 

iOflOOOB SCM USED

147B 
SB

103
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SUBROUTINE IQRDER<NUH,1X ? Y ? NY,LYDIH,AUX)
C ORDERS IN ASCENDING VALUE - X(LYDIM) AND Y(LYDIM,NY> ACCORDING TO 
C IX(NUM)

DIHENSiON IX(1),Y<LYDIM,1>,AUXU)
LOGICAL AGAIN 

C 
C

ID

15

20

25

100 AGAIN=.FALSL, 
DO 20 1=1,LAST 
IFUXU-H).GE.IXa»GOTQ 2«

IX(Hi)=IXl
5 IF(NY,EQ,0)GOTO 19 
DO 6 J=1,NY

6 AUX(J)=Y(I,J)
DO 10 J=i,NY 

10 YU,J)=Y(I-H,J)
DO 15 J=i,NY 

15 Y(IH,J)=AUX(J)
19 AGAIN=.TRUE,
20 CONTINUE

IF(AGAIN)GOTO 100
RETURN
END

SYMBOLIC REFERENCE HAP (R=i)

ENTRY POINTS 
3 IORDER

VARIABLES SN TYPE RELOCATION
53 AGAIN
55 I
56 IXi
54 LAST
0 NUH
0 Y

STATEMENT LABELS
0 1
0 10

46 20

LOGICAL 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
REAL ARRAY

INACTIVE

F,P, 
F.P,

0 AUX
0 IX

5? J
0 LYDIH
0 NY

REAL
INTEGER
INTEGER
INTEGER
INTEGER

ARRAY 
ARRAY

F,P. 
F,P,

F.P, 
F,P,

0 5
0 15

14 100

INACTIVE 0 6
45 19

LOOPS LABEL
16 20
26 6
34 10
43 15

INDEX
t I

J
J
J

FROH--TO
10 23
16 17
18 19
20 21

LENGTH
31B
2B
2B
2B

PROPERTIES
i

INSTACK
INSTACK
INSTACK

NOT INNER
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STATISTICS £n   t U 
PROGRAH LENGTH 65B 53 / 

iOOOOOB SCH USED
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APPENDIX C.5   C.5-1

PROGRAM FPLOT3»(INPUT,OUTPUT,FILH,TEKP,TAPEii»i00 > TAPEi3=i00 > 
i TAPE8>TAPE9>TAPE5=INPUT,TAPE6«OUTPUT> 

C PLOTTING PROGRAM FOR FINITE ELEMENT 
C INT*0 SETS PROGRAM FOR INTERACTIVE USE ON 6000 
C INT'i FOR DD FILE ON 7600, NON-INTERACTIVE 
C 
C

DIMENSION XTITLE(8) > YTITLE(8) > TIHE(20) > TITLE(20) 
10 DIMENSION REALK(2) > IDUM(2) > IDOF(2) / IUT(2) 

C
LOGICAL ELEM f INTRAC > OUT > CONTRS f IBAD,SHOSHR > LBLSPC > I2PASS 
LOGICAL RANGE, ZEUOi, COSES

IS EQUIVALENCE (IDOf,DOf ),
EQUIVALENCE (INTGRK.REALIO^UT.IUT) 

C
LEVEL 2,INTGRK I REALK 
LEVEL 2,IDOF,DOF,INU«,XYZ

20 LEVEL 2,1^,11^ 
LEVEL 2,DW,IDW 
LEVEL 2,INKXi > INDEX3 
LEVEL 2,1AM 

C
25 COHMON/RTINE/ FLON,RLAX(20)

COHHON/SIZE/NET^DT^-TNEH^DTNEH^DHW
CONMON/IO/KR,KU,KP,KTi / XT2,KT3 > OUT
COHMON/BEGIN/ICON^KOUNT^ILNZJNASTR^Q^K

30
i NDIM,BISP2 
COMMON/AXIS/IAXISi,IAXIS2 > IAXIS3l CiUNIT > C2UNIT > C3UNIT >

COMNON/RANGE/RANGE,ZINC,XN<2) ,YM(2) ,ZM(2) 
35 C

COHMON/IFORMP/IARG,Ci,C2,C3
(XWNON/FILES/INFILEl IOFILl INTRAC ) IERRC,NOy > PEBUG
COMMON/QFORIO/CONTRS > IDVICEI IBAD > SHOSHR > L6LSPC) I2PASS
CONNON/CONIEV/CONLEV(33) 

40 COMHON/BUCXY/IB(i024)
CONHON^POINT/IADR(6000)
COMMON/FACE /IFACE(4,20)
COtfMON/TRMS /NPIC,TRANS(i0,i0)

45 COMHOH/K /INTGRK(40000)
COHMON/UT /UT(S0)
CONMON/NUM /INUH(i500)
COHHON/WF /DOF(5000)
CONMONAYZ /XYZ(10800) 

50 C
/NFX,U?ECBR,KEYX(26) ; LENX(26) ? KiX(26)

CONMON/IWEX /INKXi(i000) > INKX3(i000) 
CONMON/9UH /DUM(5000) 

55 C



PROGRAH FPLOT3D 76/76 OPT*2 FTN 4,8+498/320 29 NOV 79 19,08,15 PAGE

DATA XR/5/ > K«/6/ > KP/7/ /KTi/ii/ /KT2/i2/ / KT3/i3/,ELEM/,FALSE,/ 
DATA INFILE/S/JOFI^/^IHTRAC/.FALSE./^IERRC^/^/fi/^BOG^,/ 
DATA HAXRES/512/,XDISI>/l/,IHT/l/ ;NPIC/i/Jll«T/3.16E7/,AU./*All*/

60 DATANFX/0/,XEYX/20t0/,LENX/20t0/,XiX/20*0/> LRECBR/2048/
DATA IAXISi/i/,IAXIS2/2/ > IAXIS3/3/ /CiUNIT/i,E5/ > C2UNIT/i,E5/, 

1 C3lMT/i,/,DiHEAN/0,/,D2l AN/0,/,D3«EAN/0,/ 
DATA TMNS/iH(l,,l,,M,,0,,l,,i,,i.,i.,45,)/ 
DATA <UFACEU,J),M,4),M,8)/28*0,S,6,7,8/

65 DATA OUT/, FALSE./, ZERO!/, FALSE./, COSES/, FALSE./ 
C

DATA X»0»l/,22S/,)aiDCHX/,9/ > YNDCHN/,i/ ; YHDCHX/,9/
DATA WXHIN/0,/,WXNAX/5i2./,UY)iIN/0,/ / UYHAX/512,/
DATA CWTRS/. FALSE. /^IDVICE/i/^IBAD/, FALSE. /,SHOSHR/.TRUE,/

70 DATA LBLSPC/5/,I2PASS/. FALSE. /,ZINC/i./,RANCE/. TRUE,/ 
C 
C

NA«LIST/IO({/KR / KH > KP > KT1 / KT2,KT3; OUT / INFILE,IOFIL

75 i
2 CW(TRS,IDVICE,S«OSH(l ;LBLSPC,ZINC,RAHGi: 
NAMELIST/AXIS/IAXISi,IAXIS2 > IAXI53 ;CiUNIT > C2UNIT > C3UNIT ; 

1 DiHEA*<,D2«EA*<,D3«EA*<,ZEROi, COSES 
C

80 cMtttttmtttttmmMtmmmmttmMtttttiDtmttttniimttmtmt
c
C OPEN UORKFILE

CALL OPENHS<KTi,INDEXl, 1000,0) 
C 

85 C OPEN TINE FILE
CALL OPENNS(KT3,INDEX3,1000,0)

READ(KR,PLOT3D) 
C 

90 iMITE(XW > 10)
10 FORNAT(iHi,i0X,tPROGRAH FPLOT3D  3D PLOTTIKGI,/,* INPUT DATA**)

yftITE(KW,PLOT3D) 
C

READ(KR,AXIS)
95 WRITE(Ktf,AXIS) 

C
C READ INPUT DATA FOR PLOT 
C

IF(ELEN)GOTO 1100 
110 READ(KR,*)NTINE

READ(XR,»(TINE(I),M ; NTINE) 
1100 CONTINUE

READ(XR >20)XTITLE 
READ(XR,20)YTITLE 

105 20 FORHAT(8Ai0> 
C

IF(ELEN)GOTO 1300 
DO 1110 I*i,NTIME 

1110 TINE<I)*TINE(I)«TUNIT 
110 VRITE(KV,30)NTINE
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30 FORMATdHM TIMES IN PROBLEM UNITS FOR OUTPUTft,I6,« TIMES!) 
HRITE(KW,3i)<TINEU>,I=i,MTIME)

31 FORNAWX,iP10Eii,3)
WRITE (KU 35)

115 35 FORNAT(iH0,i0X,t 3D DISPLACEMENT PLOTt) 
C
C INPUT TIME FILE 
C

KEYTMP=I 
121 CALL BREAD(KEYTNP,LEN,TITLE,KT3),RETURNS(9000)

KEYTNPM
CALL BREAD2(KEYTNP,LEN,DUN,KT3) , RETURNS (9000)
NDIN=IDUM(10)
HASH2=DUM(i) 

125 KEYTNPM
CALLBREAD(KEYTMP > LEN > NET,KT3),RETURNS(9I0I)
KEYTMP=I
CALL BREAD2<KEYTNP,LEN,DUN,KT3),RETURNS<9000)
KEYTMP=0 

130 CALL BREAD(KEYTHP,LEN,FLOMT3),RETURNS{?000)
LT=L£N-1
KEYTMP*0
CALLBREAD2UEYTMP,LEN > IDUM > KT3) > RETURNS(9000)
NFIL=LEN 

135 C
WRITE(KV}50)TITLE/FLOU,LT

51 FDRMATtiHM PROBLEM, 2 8M,// ; t PARAMETERS FOR SERIES8 FLOW-1, 
1 L2,5X ,IORD£RM,I6 ; /,> RELAXATION TIMES**) 
WRITE(KW,SiHRLAX(I),I=i,LT) 

140 51 FORMAT(iX,iPilEii.3) 
WRITE (KW 52)

52 FORMAT(lH0,t DOT IN TIME FILEft)
IF(DEBUG,NE,0,AND,OUT)WRITE(KU /56)(IDUM(I),I=1,LEN) 

C 
145 C

C INPUT ELEMENT NUMBERS FOR DISPLACEMENT SOLUTION 
C 
1306 CONTINUE

READ(KR,t)NLIMES 
150 IF(NUM.EQ,ALL)GOTO 1302

C INPUT ELEMENT NUMBERS BY GROUPS 
NUM*0
DO 1218 I*1,NLINES 
READ(KR / t)MIELM>MAaM 

155 DO 1205 J*MIELM,MAELM 
NWNAlM+i 
INUM(NUM)-J 

1205 CONTINUE 
1210 CONTINUE 

160 C
CALL IDRlOStNU 
GOTO 1310 

C
1302 CONTINUE 

165 DO 1305 I*i,MET
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ce
1315 INUHdM

NUH=NET 
1311 CONTINUE 

C 
176 WITE(K«,55)

55 FORHATUHt,* ELEMENTS USED IN PLOTI) 
«RITE(Ky,56>aNUN<I),M,NUM)

56 FORMAT(1X,2II6) 
C

175 C INPUT YORK FILE 
C

1351 CONTINUE 
KEYTNP=6
CALL BREAD2(KEYTNP,LEN > DUMTi),RETURNS(96M) 

186 KEYTMP=8
CALL BREAD2<KEYTNP,LEN,DUN,l(Ti),RETURNS(9fl6fl) 
KEYTNP=6
CALL BREAD(KEYTHP,LEN,NET,KTl),RETURNS(900t) 
KEYTHP-fl

185 CALL BREAD<KEYTHP,LEN,ICON,KT1),RETURNS(?0I0) 
KEYT«P=8
CALL BREAD(XEYTHP,LEN,LCON,KTl) >RETURNS(9e8l) 
KEYTNP=§
CALL BREAD(KEYTNP,LEN,HASHi,KTl),RETURNS(9eei) 

199 IF(ELEH)HASH2=HASHi
IF(HASHi,NE,HASH2)GOTO 9300 
KEYTHP=fl
CALL BREAP2(XEYTNP,LEN; INTGRI(,KT1),RETURNS(9I») 
KEYRLi=KEYTHP 

195 KEYTNP=fl
CALL BREAD2(KEYTHP l LCN,DUN > i(Tl) > RETURNS(9eei) 

C
C READ ELEMENTS 
C

216 C X AXIS FOR PLOT IS IAXIS1 
C Y AXIS FOR PLOT IS IAXIS2
C INOD - CONSTRUCT POLYGON STARTING AT LOCAL NODE INOD FOR 
C ELEMENT UITH LNOD NODES 
C

265 C HNOD - MAXIMUM NUMBER OF NODES IN POLYGON 
C
2108 CONTINUE 

ICXT=i 
NDOF*9

210 IMASTRlsIMASTR-1 
C

DO 2760 L-i,NET 
KEYTMP'6
CALL BREAD2(KEYTMP,LEN >DUM,KT1),RETURNS(966I) 

215 LNUM«IDUM(i>
IF(INUM(NEXT).NE,LNUM)GOTO 2706 

-STG223) OUTPUT QUEUED PR 45 HO
NODES*IDUM<2) 

C
CALL CmD3D(XYZ,DUN,IDUM,NEn,NUH,NDIM,NLOCAL) 

221 C
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C FETCH DEGREES OF FREEDOH TO BE PLOTTED FOR DISPLACEMENT SOLUTION 
C

IADDR*INTGRK(IMASTRi+LNUMM 
i

22S DO 2610 J*i,NLOCAL 
INOD=IFACE(J,NODES> 

C

IDOF(NDOFMNTGRK<IADDR+IAXIS3+NDIH*(INOD-i)) 
230 2610 CONTINUE 

C 
2650 CONTINUE

INUM(NUM+NEXT)=NODES 
INUM<2*NUH+NEXT)=NLQCAL 

235 NEXT*NEXT+i 
2700 CONTINUE 

L-3*NUH
IF(DEBUG.NE,0,AND,OUT)WRITE(KU,56)(INUH(I) ; I>1,L} 
NEXT=NEXM

240 IF(NEXT.NE,NUH)GOTO 9400 
C
C ORDER DOF USED IN PLOT OF DISPLACEMENTS 
C

CALL IORDEL3(NDOF ) IDOF > ]Hm,0 / NDOF ) DUH)
245 WRITE(KU,60)NOOF

60 FORHAT(f OOF USED IN PLOT* ? 16)

C
C FETCH DOF 

250 KEYTHP=0
CALL *READ2(KEYTNP,LEN,DUMT3) ,RETURNS(9000) 
NEXT=i 

C
C FETCH DOF FOR DISPLACEMENT SOLUTION 

255 C
DO 3200 J=i,HFIL 
KEYTHP=0
CALL 9READ2(KEYTMP,LEN > UT,KT3),RETURNS(9000) 
IF(IUT(i).NE.IDOF(NEXT))GOTO 3200 

260 C
CALL CALT2(UT<3),LT,DUMI«E,NTIHE>
ZSM,
DO 3150 I*i,NTINE
II»NDOF$I+NEXT 

265 DOF(II)=(DUH(I)-D3HEAN)/C3UNIT-ZS
IF(COSES,AND,I.EO.i)ZS*OOF(II)
IF(ZEROi,AND,I,EQ.i,AND.COSES)DOF(II)=0, 

3150 CONTINUE
NEXT=NEXW 

270 C
3200 CONTINUE

NEXTsNEXT-1
IF(NEXT,NE.NDOF)GO TO 9500 

C 
275 C ARRANGE ADDRESS VECTOR FOR OOF
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C
DO 33§l M,NDOF 
IA*IDOFU) 
IADRUA)=I

28« 3311 CONTINUE 
C
3511 CONTINUE 

C
C SET UP PLOT 

285 C
IP(INT.NE.6)GOTO 3551 
CALL CONNECT(4LFILH) 
CALL CONNECTUNFILE) 
CALL CONNECT(IOFIL)

291 CALL TVOPEN(2HTK,4LFIL«) 
CALL TVOPEN(2HDD,4LTEKP) 

355« CONTINUE 
C

CALL INFREEOMXRES)
295 C IF NOT INTERACTIVE, INT*i 

IARG=INT 
CALL CINTER 
CALL TVINIT 

C
3«0 CALL TVSET(5HHXMIN,UXHIN)

CALL TVSET(5HUXHAX,UXHAX)
CALL TVSET(5HMYMIN,yYMIN)
CALL TVSET(SHWYHAX,HYMAX)

C
305 CALL TVSET(6HXNDCHN,XNDCHN) 

CALL TVSET(6HXNDCHX,XNDCHX) 
CALL TVSET(6HYNDCHN,YNDCHN) 
CALL T^ET(6HYNDCHX,YNDCHX) 

C 
311 C

IF(,NOT.ELEM)60T04S2tJ 
NTINE=i 

C
4521 CONTINUE 

315 C
C FIND RANGE OF VALUES FOR fPATCH IF NEEDED 
C

IF(RANGE)CALL RANGXYZtXYZ^INUN^DOF^NUN^DOF^TINE) 
C

321 C PLOT SUBROUTINE 
C

DO 5808 I*1,NTINE 
IARG=INT
CALL 2PLT3D(DOF(NDOFtI*i) ;NDIH,HMF) 

325 5601 CONTINUE 
C
C END OF PLOT PROGRAM 
C

WlITE<Kii,99) 
331 99 FORMATS END OF PLOT PROGRAM*)
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335

340

345

350

!F{CONTRS)MITE{KW,80HCONLEV(I),M,33) 
B0 FORNAT<iX,iP10Ei2,3) 

IF(OUT)URITE(KU,PLOT3D) 
CALL TVEND 
STOP 

C
9000 WRIT[(Ky,i0i) 
101 FORMATS ERROR IN RE AD/WRITE*)

GOTO 9900
9300 URITE(KU > 110)HASH1 >HASH2 
110 FORMAW HASHi,HASH2=*,2A10)

GOTO 9900
9400 URITE(KU ; 120)NEXT,NUH > LNUN,INUN(NEXT) / INUH(NEXm) 
120 FORMAW ERROR IN ELEMENTS*,511I)

GOTO 9900
9500 VRITE(XU,130)NEXT > NDOF > NFIL,IUT(i) > IDOF(NEXT) > IDOF(NEXm) 
130 FORMAW ERROR IN DOF*,6I10)

GOTO 9900
9900 CALL XEQCCS(t/DUHP,0,/GRUHP >«UV=iO > SBX,//*) 

STOP 
END

CARD NR. SEVERITY DETAILS DIAGNOSIS OF PROBLEM

123 I IDUN ARRAY REFERENCE OUTSIDE DIMENSION BOUNDS,

SYMBOLIC REFERENCE HAP (R*l)

ENTRY POINTS
3777 FPLOT3D

VARIABLES SN
4774 ALL

0 CONTRS
1 Cl
2 C2
3 C3
5 DEBUG
0 DOF
6 D1MEAN
10 D3MEAN
0 FLOH
3 GRAV
4 GRAVS

5470 HASH2
5513 IA

0 IADR
0 lAXISi

TYPE
REAL
LOGICAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER

RELOCATION

QFORIO 
IFORMP 
IFORMP 
IFORMP 
FILES

ARRAY DOF 
AXIS 
AXIS 
RTIME 
PROB 
PROB

ARRAY DPOINT 
AXIS

0

4776
3
4
5
12
0

7
3
6
5
0

5465
5507

0
1

CONLEV
COSES
C1UNIT
C2UNIT
C3UNIT
DISP2
DUM
D2MEAN
ELEM
GMALT
GRAVB
HASH!
I
IADDR
IARG
IAXIS2

REAL
LOGICAL
REAL
REAL
REAL
REAL
REAL
REAL
LOGICAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER

ARRAY CONLEV

AXIS
AXIS
AXIS
PROB
DUM
AXIS
PLOT3D
PROB
PROB
PROB

ARRAY

IFORMP 
AXIS
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VARIABLES SN TYPE
2
2
0
1
1
5
2

5512
1751
5511

0
0
4
5
i

5466
2
3
5
52
4

5467
26
1
3

5504
i

5475
5474
5581

3
2

5472
1

5473
5595

1
4
6
0
3

5568
4773
5104
5006

0
4777
5514

4
5002
4775

6

IAXIS3
IBAD
IMF
IDVICE
IFACE
IK
ILKZ
IHASTR1
INDEX3
INOi
INTCRK
INUH
1C
I2PASS
KDISP
KEYTH*
KP
KTi
KT3
KiX
LBLSPC
LEN
LENX
LKOUNT
LNASTR
LNUH
LRECBR
NAEUi
MIELH
HDOF
NDTNEY
NETNEW
NFIL
NFX
NLINES
NODES
NPIC
NUN
OUT
REALX
SH05HR
TITLE
TUNIT
UXNAX
WYNAX
XIOBR
XNDCHN
XTITLE
YH
YNDCHX
2ER01
ZH

INTEGER
LOGICAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
LOGICAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
LOGICAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
LOGICAL
REAL
LOGICAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
LOGICAL
REAL

RELOCATION

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY

ARRAY

AXIS
QFORIO
DOF
QFORIO
FACE
BEGIN
BEGIN

INDEX

K
m
BEGIN
QFORIO
PLOT3D

10
10
10
BREAD
QFORIO

BREAD
END
END

BREAD

SIZE
SIZE

BREAD

TRANS
PLOT3D
10
K
QFORIO

BREADIO

RANGE

RANGE

0
0
0
3

5512
1
3
0
0
2
2
1
0

5476
5477

2
0
4
i

5503
0
2
5
2
4
4

5471
0

11
i
0

5500
7

10
5506

4
5464

1
0
i

5534
i
0

5003
5005

2
5000

0
5001
5524

i
5511

IB
ICON
IDUft
IERRC
II
IKDUNT
IHASTR
INDEX!
INFILE
INT
INTRAC
IOFIL
IUT
J
KEYRL1
KEYX
KR
KT2
KM
L
LCON
LENGTH
LK
LLNZ
LNODNH
LQ
LT
NAXRES
NDIN
NDT
NET
NEXT
NFLT
NLAP
NLOCAL
NOV
NTINE
OLDWK
nffnvt

RLAX
TINE
TRANS
UT
UXNIN
UYHIN
XN
XNDCHX
XYZ
YNDCNN
YTITLE
ZINC
ZS

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
LOGICAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
LOGICAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY
ARRAY
ARRAY

ARRAY

ARRAY

ARRAY

BUCKY
BEGIN
DM
FILES

BEGIN
BEGIN
INDEX
FILES
PLOT3D
FILES
FILES
UT

BREAD
10
10
10

END
PROB
END
END
SIZE
END

PLOT3D
PROB
SIZE
SIZE

PROI
PROB

FILES

PROB
RANGE
RTIHE

TRANS
UT

nvMWM

XYZ

nfff^vC
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FILE NAMES MODE 
1112 FILM 
2435 TAPE13 
3313 TAPE9

EXTERNALS TYPE 
BREAD 
CALT2 
CONNECT 
INFREE 
IORDER3 
RANGXYZ 
TVINIT 
TVSET 
ZPLT3D

NAMELISTS 
AXIS

ARCS
4 
5 
i 
1 
6 
6
0
ii.
3 

I OK

0
0 

1557

INPUT 
TAPES 
TEKP

445 OUTPUT 
NAME 445 TAPE6

BREAD2 
CINTER 
COORD3D 
IORDEL3 
OPENMS 
TVEND 
TVOPEN 
XEBCCS

PLOT3D

4 
0
7 
6 
4 
0
2 
i

2224 Tl 
2646 Tl

STATEMENT LABELS
5156
5242
5312
5345
5372
5440

0
4126
4162

0
0
0
0

4502

LOOPS
4040
4134
4142
4155
4234
4257
4332
4347
4375
4451

COMMON

10
31
51
56
99
120
1110
1300
1310
2610
3150
3500
5000
9400

LABEL
1110
1210
1205
1305
2700
2610
3200
3150
3300
5000

BLOCKS
RTIME
SIZE
10
BEGIN
END
PROB
AXIS

FMT
FMT
FMT
FMT
FMT
FMT

INACTIVE

INDEX
I
I
J
I
L
J
J
I
I
I

LENGTH
21
5
7
6
6
11
9

FROM-TO
108
153
155
165
212
225
256
263
277
322

109
159
158
166
236
230
271
268
280
325

5221
5250
5310
5357
5413
5455

0
4153

0
0

4366
4414
4474
4512

LENGTH
2B
15B
3B
4B

41B
4B

37B
14B
5B

11B

20 FMT
35 FMT
52 FMT
60 FMT
101 FMT
130 FMT
1205
1302
1350 INACTIVE
2650 INACTIVE
3200
3550
9000
9500

PROPERTIES
INSTACK

EXT REFS NOT INNER
INSTACK
INSTACX

EXT REFS EXITS
INSTACK

EXT REFS EXITS
OPT

INSTACK
EXT REFS

5227
5263
5334
5402
5424
4031

0
0
0

4272
0

4445
4477
4521

NOT INNER

NOT INNER

30
50
55
80
110
1100
1210
1305
2000
2700
3300
4520
9300
9900

FMT
FMT
FMT
FMT
FMT

INACTIVE
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COMMON BLOCKS 
RANGE 
IFMMP 
FILES 
OFORIO 
CONLEV 
BUCKY 
DPOINT 
FACE 
TRAtfS 
PLOT3D 
K 
UT
m
DOF
XYZ
BREAD
BREADIO
INDEX
DUM

LENGTH
8
4
6
6
33 

1024 
6010 LCM

80 
101 

5 
40000 LCM

50 LCM
1500 LCM
5000 LCM
10000 LCM

62
3256 
2000 LCM 
5000 LCM

STATISTICS 
PROGRAM LENGTH 
BUFFER LENGTH 
SCM LABELED COMMON LENGTH 
LCM LABELED COMMON LENGTH

70000B SCM USED 
BOTTOM OF FILE)

2444B 1316
3176B 1662
11052B 4650

207656B 69S50
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1 SUBROUTINE COORD3D(XYZ JATA,1DATA,N,NUM,NDIH,NLOCAL>
C FETCHS COORDINATES FOR ELEMENT NODES INCLUDED IN PLOT
C SETS UP COORDINATE ARRAY XYZ
C 

5 C NUH = TOTAL NUMER OF ELEMENT IN PLOT
C XYZ<N,I,J) COORDINATE ARRAY WHERE
C N = ELEHENT INDEX WITH DIMENSION EQUAL TO NUM
C I = COORDINATE AXES WHERE 1 = X AXIS
C 2 = Y AXIS 

1C C 3 = Z AXIS IN PLOT
C DIMENSIONED NDIH (USUALLY 3)
C J = NODE NUMBER IN ELEMENT FOR PLOTTED FACE
C IN LOCAL NUMBER FRAME RATHER THAN GLOBAL
C 

15 C DATA(i) DATA ARRAY FROM BREAD WITH COORDINATES FOR
C ELEMENT IN SEQUENTIAL ORDER OF LOCAL NUMBERING
C
C NLOCAL NUMBER OF NODES IN ELEMENT USED TOR PLOT
C 

20 C COMMON DATA      ..-    . - - 
C
C FACE TO PLOT ONLY ONE FACE OF ELEHENT MUST SPECIFY LOCAL NODES
C IFACE(NOD,NODES) ASSUMES NUMBER OF NODES IN ELEMENT
C ENOUGH TO SPECIFY LOCAL NUMBERS NEED, NOD SPECIFIES 

25 C NUHBER OF LOCAL NODES IN FACE TO BE PLOTTED,
C
C AXIS DETERMINES AXES IN DATA USED FOR PLOT AND SCALING
C Z AXIS (IAXIS3) BECOMES SURFACE.
C lAXISif COORDINATE DIRECTION FOR X AXIS (1,2, OR 3) 

30 C IAXIS2* DIRECTION FOR Y AXIS
C IAXIS33 DIRECTION FOR Z AXIS
C
p_._ _______.__ _  _._._ _..__- ___________ ...__-__________ _

C
35 DIMENSION XYZ<NUH,NDIM,i), DATA(i),IDATA(2) 

C 
C

LEVEL 2, XYZ,DATA,IDATA 
C 

411 COMMON/AXIS/IAXISl,IAXIS2,IAXIS3,CiUNIT,C2UNIT,C3UNIT,
1 DiHEAN,D2HEAN,D3MEAN 

C
COHMON/FACE/IFACE(4,i) 
COMMON/10 /KR,KW,KP / KT1,KT2 > KT3 

45 C
DATA NMAX/4/ 

C 
C

50 C
NODES=IMA(2)
NOI^i 

C
DO 2100 J=i,NMAX 

55 INOD=IFACE(NOD,NODES)
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60

70

IFdNQD.EQ.OGOTO 2208 
C

JJ=2*ND1H*(INOD-1)
DO 2080 I=i,NDIH
JJ=JJ+i
IF(I.EQ.IAXISi) XYZtN ; i,NUD)=(DATA(j;n-DiHEAN)/CiUNIT
IFa,E8.IAXIS2) XYZ(N > 2,KOD)=(DATA(JJ)-D2ML:AN)/C2UNIT
IFU.E8.1AXIS3) XYZ(N,3,NOD)=<DATA<JJ>-D3MEAN)/C3UNIT 

2080 CONTINUE
NOD=NOD+i
GOTO 2100 

2108 CONTINUE 
2208 CONTINUE

NLOCAL=NOD-i

RETURN 
END

c

SYMBOLIC REFERENCE MAP (R=i)

ENTRY POINTS 
3 COORD3D

VARIABLES 5N
3
5
6

10
0
2
0

76
2
3
5
0
0

75
0

CiUNIT
C3UNIT
DiHEAN
D3MLAN
IAXIS1
IAX1S3
IFACL
J
KP
KTi
KT3
N
NLOCAL
NOD
NUN

TYPE
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

RELOCATION
AXIS
AXIS
AXIS
AXIS
AXIS
AXIS

ARRAY FACE

10
10
10
F.P,
F.P.

F,P.

STATEMENT LABELS 
0 2000

LOOPS LABEL INDEX
22 2100 * J
48 2000 I

4
0
7

101
1
0

77
100

8
4
1
0

73
74
0

C2UNIT
DATA
'D2MEAN
I
IAX1S2
IDATA
INOD
JJ
KS
KT2
KW
NDIM
NMAX
NODES
XYZ

REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

AXIS
ARRAY F,P,

AXIS

AXIS
ARRAY F,P

10
10
10
F.P

ARRAY F.P

63 2200

FROM-TO LENGTH
54 67 41B
59 64 16B

PROPERTIES

OPT
EXITS NOT INNER

COMMON BLOCKS 
AXIS 
FACE 
10

LENGTH 
9 
4 
6
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STATISTICS
PROGRAH LENGTH 1D4B 60 
SCH LABELED COHHON LENGTH 23B 19 

70DDOB SCH USED
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i SUBROUTINE BREAD(KEY,LEN,X,NF),RETURNS(Ri> " 
C  --SEQUENTIAL (KEY=0) /UPDATING TO 10 FILE HANDLER 
C   -HODIFIED AND REINPUT 4/18/74
C-    OPENMS(NF,1NDEX,LENGTH OF INDEX,!)) MUST BE INSERTED IN MAIN 

5 DIMENSION X(i),XIO(2> 
DIMENSION NIO(2) 
EQUIVALENCE (XIO,NIO) 

C
CONMON/BREADIO/XIO

10 COHMDN/BREAD /NFX,LREC,KEYX(20),LENX(2Q) ,K1X(20) 
C

IF(NF.GL20)RETURN Rl 
IF(KEY.EQ,0)KEY=KEYX(NF)H.£NX(NFM 
Kl=(KEY-i)/LREC 

15 K2=KEY-LREC*Ki

KEY=LKEC*(Ki-iHK2
IF(K1,LQ,K1X(NF).AND.NF.EQ,NFX)GOTO 130 

120 CALL READMS(NF,XIO,LREC,Ki) 
20 NFX*NF

K1X(NF)=K1 
130 LENX(NF)=NIO(K2)

IF(LENX(NF).E«.-i)GOTO 168 
IF(LENX(NF).LT,0)RETURNRi 

25 IF(K2+LENX(NF).GT,LREC)GOTO 170 
LAST=LENX(NF) 
DO 1^8 1=1, LAST 

140 X(I)=XIO(H-K2) 
150 CONTINUE

30 LEN=LENX(NF) 
KEYX(NF)=KEY 
RETURN 

160 Kl-Klfi
K2=i 

35 GOTO 120
170 LEN=LENX(NF) 

IS=i
IE=LREC-K2 

175 DO ICO I=IS,IE 
40 180 Xa)=XIO(I*K2)

IF(LEN-IE.LE.O)GOTO 150 
Ki=Ki+i
CALL READHS(NF,XIO,LRtC,Kl) 
KiX(NF)=Ki

45 IS=IE 
IE=LEN
IF(LEN-IS,GT.LREC)IE=LREC*IS 
IS=IS+1 
K2=i-lS 

50 GOTO 175
ENTRY BURITE

C    CAN ONLY REWRITE RECORD JUST READ - NEEDS LEN 
IF(KEY,E8,O.OR.NFX,NE,NF)RETURNRi 
Ki=(KEY-i)/LREC 

55 K2=KEY-LRECIK1
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60

65

75

Xi=Ki+i
IF(K2+LENX(NF),GT,LREC)GOTO 300
LAST=LENX(NF)
DO 220 I=i,LAST 

220 XIO(K2+I)=X(I)
CALL yRITHS(NF,XIO > LREC,Ki,i,0) 

230 RETURN 
300 CONTINUE

LEN=LENX(NF)
IS=i
IE=LREC-K2 

310 CONTINUE
CALL kEADHS(NF,XIQ,LREC,Ki)
DO 320 I=IS,IE 

320 XIO(I+K2)=X(I)
CALL WUTNSO^XIO^RLMi,!,!!)
IF(LEN-IE,LE,fl)RETURN
IS=IE
IE=LEN
IF(LEN~IS.GT,LREC)IE=LREC+IS
IS=IS+i

80

K2=i-IS 
GOTO 310 
END

SYMBOLIC REFERENCE HAP (R=i)

ENTRY POINTS 
3 BREAD 127 ByRITE

VARIABLES SN TYPE RELOCATION
244
245

2
52

243
26
0
0
0

I
IS
KEYX
XIX
LAST
LENX
NF
NIO
X

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

ARRAY 
ARRAY

ARRAY

BREAD 
BREAD

BREAD 
F,P.

ARRAY BREADIO 
ARRAY F,P,

EXTERNALS TYPE ARCS 
READMS 4

STATEMENT LABELS 
34 120 
62 150 
77 175
0 230 INACTIVE
0 320

246 IE
0 KEY

241 Ki
242 K2

fl LEN
1 LREC
0 NFX
0 Rl
Ci XIO

yRITMS

INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
RETURNS 
REAL

F,P,

F.P, 
BREAD 
BREAD

ARRAY BREADIO

42 130
67 160
0 180

167 300

0 140
72 170
0 220

174 310
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LOOPS
60
104
161
203

COHMON

LABEL
140
180
220
320

BLOCKS
BREADIO
BREAD

INDEX
I
I
I
I

FROM-TQ
27
39
59
69

28
40
60
70

LENGTH
2B
2B
2B
2B

PROPERTIES
1NS1ACK
1NSTACK
INSTACK
INSTACK

LENGTH
2

62

STATISTICS 
PROGRAM LENGTH 
SCM LABELED COHMON LENGTH 

70000B SCM USED

255B 
100B

173
64
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CS-/71 SUBROUTINE BREAD2<KEY,LEN,X,ND,RETURNS(Ri>
C-  SEQUENTIAL (KEY=0)/UPDATING TO 10 f-lLE HANDLER 
C -MODIFIED AND REINPUT 4/18/74
C ~OPENMS(NF,INDEX,LENGTH OF INDEXED) MUST BE INSERTED IN HAIN 

5 DIHENSIQN X(i),XIO(2) 
LEVEL 2,X 
DIMENSION NIO(2) 
EQUIVALENCE (XIO.NIO' 

C 
ID C

COMMQN/BREADIO/XIQ 
C

CQMMON/BREAD/NFX,L»EC,KEYX(2l)) > LENX(2l)),KiX(2S) 
C 

15 IF(NF,GT.20)RETURN Ri
IF<KEY,EQ,0)KEY=XEYX<NFHLENX(NFW 
Ki=(KEY-i)/LREC 
K2=KEY-LREC*Ki 
Ki=Ki+i 

20 KEY=LREC*(Ki-i)+K2
IF(Ki,EQ,KiX<NF),AND.NF,E£l,NFX)GQTO 130 

120 CALL READMS(NF,XIO,LREC,K1} 
NFX=NF 
KiX(NF)=Ki 

25 130 LENX(NF)=NIO(K2)
IF(LENX(NF),EQ.-i)GOTO 160 
IF(LENX(NF).LT,0)RETURNRi 
IF(K2+LLHX(HT),6T,LREC)GOTO 170 
LAST=LENX(NF)

30 DO 140 M,LAST 
140 X(I)sX10(IfK2) 
150 CONTINUE 

LEN=LENX(NF) 
KEYX(NF)=KEY

35 RETURN 
160 Ki=Ki+i 

K2=i
GOTO 128 

170 LEN=LENX(NF) 
40 IS=i

IE=LREC-K2 
175 DO 180 I=1S,IE 
180 X(I)=XIO(1*K2)

IF(LEN-IE.LE.O)GOTO ISO 
45 Ki=Ki+i

CALL READMS{NF,XIO,LREC > Ki) 
KiX(NF)=Ki 
IS=IE 
IE=LEN

SO IF(LEH-IS.CT.LREC)IE=LKEC+IS 
IS=IS+i 
K2=i-IS 
GOTO 17: 
ENTRY BURITE2 

55 C -CAN ONLY REWRITE RECORD JUST READ - NEEDS LEN
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60

65

70

75

80

IF(KEY,E9,0,OR.NFX,NLNF)RETURN Ri
Ki=(KEY-i)/LREC
K2=KEY-LRL"C*K1

IF(K2+LENX(NF).GT,LREC)GOTO 300
LAST=LENX(NF)
00 220 I=i,LAST 

220 XIO(K2-H)=X(I)
CALL URITHSfNFjXIQ^RECjKijM) 

230 RETURN 
300 CONTINUE

LEN=LL"NX(NF)
IS=i
IE=LKEC-K2 

310 CONTINUE
CALL READ«S(NF,XIO,LREC,Ki>
DO 320 I=IS,IE 

320 XIO(I+K2)=X(I)
CALL WRITMS(NF,XIO ? LRLC,Ki,i,0)
IF(LEN~IE.LE,0)RETURN
IS=IE
IE=LEN
IF(LEN-IS,GT,LREC)IE=LREC+I3
IS=IS+i

K2=i-IS 
GOTO 310 
END

SYMBOLIC REFERENCE HAP (R=i)

ENTRY POINTS 
3 BREAD2

VARIABLES SN TYPE

126 BWRITE2

244
245

2
52

243
26
0
0
0

I
IS
KEYX
KiX
LAST
LENX
NF
NIO
X

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

RELOCATION

ARRAY 
ARRAY

ARRAY

BREAD 
BREAD

BREAD 
F,P.

ARRAY BREADIO 
ARRAY F.P.

EXTERNALS TYPE ARGS 
READMS 4

STATEMENT LABELS 
34 120 
62 ISO

246 IE
0 KEY

241 Ki
242 K2

0 LEN
1 LREC
0 NFX
0 Ri
0 XIO

MRITMS

INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
RETURNS 
REAL

F,P,

F,P,

BREAD

ARRAY BREADIO

42 130
67 160

0 140
72 170
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77
0
0

LOOPS
60
104
160
203

COMMON

175
238
320

LABEL
140
100
220
320

BLOCKS
BREADIO
BREAD

INACTIVE

INDEX
I
I
i
I

FROM-TO
30
42
62
72

31
43
63
73

0
166

LENGTH
2B
2B
2B
2B

180
300

PROPERTIES
INSTACK
INSTACK
1N8T&CK
INSTACK

LENGTH
2
62

STATISTICS 
PROGRAM LENGTH 
SCM LABELED COMMON LENGTH 

70000B SCM USED

254B 
100B

l/C

64

FTN 4,7*485/198 25 AUG 79 13,47,24 PAGE

173 310
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i SUBROUTINE CALT2(SC,LT,Y,T1ME,NTIME) 
C CALCULATES Y FROM TIME SERIES SC 
C SC(1) - SO 
C SC(2) Si 

5 C FOR SERIES
C Y(NTIME)=SO+SitUHEXP(-TIME(NTIME)/RLAX(imS2*(-~-).., 
C WHERE
C RLAX - RELAXATION TIMES FOR FIT (LENGTH LT) 
C LI - ORDER OF APPROXIMATION

10 C FLOW - .TRUE, IF CONSTANT FLOW TERM INCLUDED IN SERIES 
C TIME - NTIME VALUES FOR COMPUTING 
C

DIMENSION SC(2)J(2),TIME(2) 
LOGICAL FLOW 

15 C
LEVEL 2,Y,SC 

C
COHMON/RTIME/FLOW,RLAX(2fl) 

C
20 cmnmimmmiimtmmimttmmtmmtmmmmmmm

c
IX=i
IF(FLOW)IX=2 
DO 2080 I=1,NTIME 

25 Y(I)=SCU)
IF(LT.LE,I)GOTO 1600 
DO 1500 M,LT 
X=»TIMEU)/RLAX(J) 
IF(X.GT, -178,)GOTO 1400 

30 X=0.
GOTO 1450 

1400 X=EXP(X) 
1450 CONTINUE
1500 Y(I)=SC(IX+J)*(i,-X)+Y(I) 

35 1600 CONTINUE
IF(FLOW)Y(I)=Y(l,HSC(2)tTIME(I) 

2000 CONTINUE 
RETURN 
END

SYMBOLIC REFERENCE MAP (R=l)

ENTRY POINTS 
3 CALT2

VARIABLES SN TYPE RELOCATION
0 FLOW LOGICAL RTIME 70 I INTEGER

67 IX INTEGER 71 J INTEGER
0 LT INTEGER F.P. 0 NTIME INTEGER F,P,
1 RLAX REAL ARRAY RTIME 0 SC REAL ARRAY F,P,
0 TIME REAL ARRAY F.P. 72 X REAL
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VARIABLES SN TYPE RELOCATION 
0 Y REAL ARRAY P.P.

IXTERNALS TYPE ARCS
EXP REAL 1 LIBRARY

STATEMENT LABELS
34 1400 36 1450 0 1500 
47 1600 0 2000

LOOPS LABEL INDEX FROM-TO LENGTH PROPERTIES
16 20DO * I 24 37 42B EXT REFS NOT INNER
26 1500 * J 27 34 2iB EXT REFS

COMMON BLOCKS LENGTH 
RTIME 21

STATISTICS
PROGRAM LENGTH 102B 66 
SCH LABELED COMMON LENGTH 25B 21 

70000B SCM USED
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£$ -2.2-
i SUBROUTINE FPATCH

C 12SEP73 3 
C THIS SUBROUTINE WILL PLOT A THREE DIMENSIONAL SURFACE 4 
C ACCORDING TO THE MESH WHICH IS PASSED OVER TO THIS 5 

5 C ROUTINE, THIS PROGRAM IS INTERACTIVE IN THE SENSE THAT 6 
C THE USER CAN SCALE, ROTATE, AND TRANSLATE THE SURFACE, HIDDEN 7 
C SURFACE REMOVAL IS PERFORMED BY THE CODE AND THE PICTURE 8 
C WILL BE DISPLAYED ON THE TMDS, TELETYPE, OR WRITTEN TO 9 
C DISK AS A SHADED PICTURE, THIS PROGRAM WAS WRITTEN AND 10 

10 C DOCUMENTED BY MICHAEL ARCHULETA, COMPUTER GRAPHICS SECTION, 11 
C LAWRENCE LIVERMORE LABORATORY, 12

LOGICAL IBAD,IGOMOR,NTKNL,RANGE 
C

COMMON/XYZ/ELM(2) 
15 COMMON/NUM/IELM(2)

COMMON/PLOT3D/MAXR,KDISP,INT,ELEM,NPOLY 
C

COMMON/F1LES/INFILE,IOTFIL,INTRAC,IERRC,NDW,DEBUG 14 
COMMON/RANGE/RANGE,21NC,XM(2),YM(2),ZM(2)

20 COMMON/SEYES/OX,OY,OZ,ISURF 15 
COMMON/INTENS/IHI,ILO,IBACK,IFX,IFY 16 
COMHON/POLDAT/IEDG,NTRNL,Xa2),Yd2),Z(i2),Sd2),KOLd2),CONd2), 17 

i IS(12) 18 
COMMON/QFORIO/CONTRS,IDVICE,1BAD,SHOSHR,LBLSPC,I2PASS PR16MAY,i 

25 C I2PASS=.FALSE, - ONLY HORIZONTAL SCANNING PR16MAY.2
COMMON/2RANGE/ZM1N,ZHAX 20 

C MATRIX A CONTAINS THE CURRENT UPDATED TRANSFORMATION 21 
C MATRIX B CONTAINS THE REQUESTED TRANSFORMATION 22 

COMMON/QQ!2MAT/A(3,3) ,B(3,3) ,ALPHA, IGOMOR 23 
30 COMMON/JUMPY/JUMPi,JUMP2,NTRACT 24 

C FPATCH IS THE ENTRY POINT WHERE A USER DEFINED SURFACE 25 
C IS PROCESSED AND DISPLAYED, GET THE XYZ MINS AND MAXS, 26 
C

LEVEL 2,L1M,IELM 
35 C

C STA1EMENT FUNCTION TO INDEX XYZ AND INUM 
C

INUM(L,l)=IELM(L+NPQLY*(l-i)) 
XY2(L,l,J)=ELM(L+NPOLY*a-i)+3*NPOLY*(J-i)) 

40 C
n_,._ _ __.________,.__________________,._

C
IF(DEBUG ,NE, 0) WRITE(IOTFIL,5) 28 

5 FORMAT(1X,$FPATCH CALLED*) 29 
45 IF(RANGE)GOTO 11

X(i)=Y(i)=2(i)=-iE30 30 
X(2)=Y(2)=Z(2)=-HE30 31 
DO 10 I=i,NPOLY 32 
NLOCAL^1NUM(I,3) 

SO DO 9 J=i,NLOCAL
IFtXYZd^JJ.GT.Xd)) Xd)=XYZ(I,i,J) 34 
IF(XYZ(I,i,J),LT,X(2)) X(2)=XYZ(I,i,J) 35 
IF(XYZ(I,2,J),GT,Y(D) Yd)=XYZ(I,2,J) 36 
IF(XYZ(I,2,J),LT.Y(2)) Y(2)=XYZ(I,2,J) 37 

55 IF(XYZ(I,3,J),GT.Z(D) Z(i)=XYZ(I,3,J) 38
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60

65

75

30

85

90

95

100

105

IF(XYZ(I,3,J).LT.Z<2}) Z(2)=XYZ(I,3,J)
9 CONTINUE
10 CONTINUE 

GOTO 12
11 CONTINUE 

X(i)=XWi) 
X(2)=XH(2) 
Y(l)=YH(i) 
Y(2MM(2) 
2(i)=ZMU) 
Z(2)=ZH(2)

12 CONTINUE
C

iiO

XC=(X(iHX<2))/2,
YC=(Y<iMY(2))/2.
ZC=(Z(l)+Z(2))/2,
OX=ABS(X(2)-X(D)
OY=ABS(Y(2)-Y(D)
OZ=ABS(Z(2)-Z(D)
CALL SURF 

C GO INITIALIZE
IF(IBAD) GO TO SO
ASSIGN 20 TO JUMP!
IF(NTRACT,NE,0) GO TO 50 

15 CALL SURTOP
IF(.NGT.IGONOR) GO TO 50 

20 CONTINUE
IP=1
NTRNL=.FALSE.
CALL INTCLP
DO 40 K=MPOLY 

C GET THE NUMBER OF EDGES FOR THIS POLYGON
IEDG=INUM(NPOLY,3) 

C GET THE COORDINATES 
50 30 I=i,IEDG

AX=XYZ(K,i,I)-XC 
AY=XYZ(K,2,I)-YC 
AZ=XYZ(K,3,I) ZC 

C PERFORM THE TRANSFORMATION OF THE COORDINATE
Xa)=AX*A(i,i)+AY*A(i,2)+AZ*A(i,3)+OX 
Y(I>=AX*A(2,i)+AY*A(2,2)+AZ*A(2,3)+OY 
2<I)=(AX*A(3,i)+AY*A(3,2HAZ*A(3,3)+OZ)*ALPHA 

38 CONTINUE
IP=IP+IEDG+i 
CALL FACMAK(O) 
CALL POLCLP 

C JUMP IF POLCLP FAILED, INCREASE SIZE OF FREE, PROBABLY,
IF (HAD) GO TO 58 

40 CONTINUE 
C NOW TAKE A PICTURE

CALL HIDDEN
C JUMP IF MORE ACTION IS NEEDED 
C IF(NTRACT) JUMP2,i5,JUMP2 

IF'NTRACT ,EB, 0) GO TO 15 
IF(DEBUG ,NE, 0) WRITEUOTFIL,!) JUMP2

40

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

61
62

39

64
65
66

67
68
69
78
71
72

73
74
75
76
77
78
79
80
81
82
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i FORHAT(iX,*IN FPATCH,JUMP2=*,Q20)
GO TO JUMP2 (15,20) 

SO RETURN 
END

FTN 4,7+48S/i?8 27 AUG 79 20,37,

83
84
85
86

PAGE

SYMBOLIC REFERENCE MAP (R=i)

ENTRY POINTS
i FPATCH

VARIABLES
0 A

224 AX
226 A2
76 CON
5 DEBUG
0 ELM
2 IBACK
i IDVICC
0 IELM
3 IFX

23 IGOMOR
i ILO
2 INT
1 IOTFIL

112 IS
5 I2PASS
0 JUHP1

223 K
62 KOL
D HAXR
4 NOW
2 NTRACT
0 OX
2 OZ

46 S
2 X
2 XM

220 YC
32 Z
i ZINC
1 ZMAX

EXTERNALS
FACHAK
INTCLP
SURF

SN TYPE
REAL
REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
LOGICAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

TYPE

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY
ARRAY
ARRAY

ARRAY

ARCS
i
0
0

RELOCATION
QQQHAT

POLDAT
FILES
XYZ
INTENS
QFORIO
NUH
INTENS
QQQHAT
INTENS
PLOT3D
FILES
POLDAT
QFORIO
JUMPY

POLDAT
PLOT3D
FILES
JUMPY
SEYES
SEYES
POLDAT
POLDAT
RANGE

POLDAT
RANGE
ZRANGE

22
225
ii
0
3

214
2
0
3
4
0
0
2

222
3

216
i
i
4

215
4
i
i
0
3

217
16
4

221
6
D

ALPHA
AY
B
CONTRS
ELEM
I
IBAD
IEDG
IERRC
IFY
IHI
INFILE
INTRAC
IP
ISURF
J
JUHP2
KDISP
LBLSPC
NLOCAL
NPOLY
NTRNL
OY
RANGE
SHOSHR
XC
Y
YM
ZC
2M
ZNIN

HIDDEN
POLCLP
SU8TOP

REAL
REAL
REAL
REAL
REAL
INTEGER
LOGICAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
LOGICAL
REAL
LOGICAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

QQQMAT

ARRAY QQQHAT 
QFQRIO 
PLOT3D

QFORIO
POLDAT
FILES
INTENS
INTENS
FILES
FILES

SEYES

JUMPY
PLOT3D
QFORIO

PLOT3D
POLDAT
SEYES
RANGE
QFORIO

ARRAY POLDAT 
ARRAY RANGE

ARRAY RANGE 
ZRANGE

INLINE FUNCTIONS TYPE ARCS
AfiS REAL i INTRIN
XY2 REAL 3 SF

INUH INTEGER SF
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3TATEHENT LABELS
202

0
77
8

LOOPS
16
28
187
116

COHHON

i
10
15
40

LABEL
10
9
40
30

BLOCKS
XY2
NUH
PLQT3D
FILES
RANGE
SEYES
INTENS
POLDAT
QFORIO
2RANGE
OQQHAT
JUHPY

FHT

INDEX FRCH-TO
t I 48 58

J 50 57
* K 86 104

I 90 98

LENGTH
2 LCH
2 LCH
5
6
8
4
5

86
6
2

20
3

172 5 FH1
46 11

182 20
164 58

LENGTH PROPERTIES
27B 1
24B OPT
46B 1
25B OPT

CX-
fl 9

56 12
0 30

NOT INNER

EXT REFS EXITS NOT INNER

STATISTICS
PROGRAH LENGTH 2278 151 
SCH LABELED COHHON LENGTH 221B 145 
LCH LABELED COHHON LENGTH 4B 4 

70000B SCH USED
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10

15

20

25

SUBROUTINE IORDER3(NUH,IX,Y,NY,LYDIH,AUX)
C ORDERS IN ASCENDING VALUL - X(LYDIM) AND Y(LYDIH,NY) ACCORDING TO 
C IX(NUM)

DIHCNSION IX(i),Y(LYDIH,i),AUXU)
LOGICAL AGAIN

LEVEL 2,IX,Y,AUX

1 LAST=NUH-i 
100 AGAIN=,FALSE, 

DO 20 l=i,LAST 
IF(IX(W),GE,IX(I»GOTO 20 
IXi=IX(I) 
IXd)-IX(W) 
IX(IH)=IXi

5 IF(NY,EQ,0)GOTO 1? 
DO 6 J=i,NY

6 AUX(JM'I,J>
DO 10 J=i,NY 

10 Y(I,J)=Y(W,J)
DO 15 J=i,NY 

15 Y(IH,J)=AUX(J}
19 AGAIN=,TKUE,
20 CONTINUE

IF(AGAIN)GOTO 100
RETURN
END

3YHBOLIC REFERENCE HAP (K'=i>

ENTRY POINTS 
3 IORDER3

VARIABLES SN TYPE

STATEHENT 
0 i 
0 10 

47 20

RELOCATION
53 AGAIN
55 I
56 1X1
54 LAST
0 NUH
0 Y

LOGICAL
INTEGER
INTEGER
INTEGER
INTEGER
REAL ARRAY

F,P
F,P

INACTIVE

0 AUX REAL ARRAY F.P,
0 IX INTEGER ARRAY F.P,

57 J INTEGER
0 LYDIH INTEGER F,P,
0 NY INTEGER F.P,

0 5
0 IS

13 100

INACTIVE 0 6
46 19

LOOPS LABEL INDEX FROH-TO LENGTH PROPERTIES
15 20 $ I 13 26 33B
26 6 J 19 20 3B INSTACK

NOT INNER
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LOOPS LABEL
34 18
43 15

STATISTICS
PROGRAM LENGTH

7Q8QOB

INDEX
J
J

SCH USED

FROM-
21
23

 TO
22
24

63B

LENGTH
2B
3B

51

PROPERTIES
INSTACK
1NSTACK

FTN 4,7+485/198 25 AUG 77 13,47,24 PAGE
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i SUBROUTINE 10RDEL3(NUMJX,Y,NY,LYDIMUX)
C ORDERS IN ASCENDING VALUE X(LYDIM) AND Y(LYDIH,NY) ACCORDING TO 
C IX(NUH)

DIHENSION IX(i),Y(LYDIM,D>AUX(i) 
5 LOGICAL AGAIN 

C
LEVEL 2,IX,Y,AUX 

C 
C 

10 C
1 LAST=NUH-i 

100 AGAIN=, FALSE. 
C

1=1
15 2 IF(I,GT,LAST)GOTO 21 

C
IFUXU+i)-IX(I))4 f i6,20 

4 IX

20 IX(W)=IX1
5 IF(NY.EQ,0)GOTO i? 

DO I J=1,NY
6 AUX(J)=Y(I,J) 

DO ifl J=i,NY 
25 10 Y(I,J)=Y(W,J)

DO 15 J=i ; NY 
15 Y(Iti,J)=AUX(J)

GO TO i? 
C 

30 16 IXi-W
IF(IXi.GT,LAST)GOTO 110 
DO IB J=IX1,LAST 
IX(J)=IX(J*i) 
IF(NY.EQJ)GO TO 18 

35 DO 17 JJ=i,NY
17 Y(J > JJ)=Y(JH,JJ)
18 CONTINUE 

110 NUH=NUH-i
LAST=LAST-1 

40 C
19 AGAIN=.TRUE.
20 CONTINUE 

I=I+i 
GOTO 2 

45 C
21 CONTINUE

IF(AtAIN)GOTO i
RETURN
END
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i SUBROUTINE RANGXYZ(XYZ,!NUH,DOf,NPOLY>NDOF,NTIHE)
C FINDS MAX AND HIN VALUES FOR COORDINATES X AND Y IN ARRAY 
C XY2. ALSO DETERMINES RANGE OF Z VALUES STORED IN 
C ARRAY DOF FOR ALL NTIHE USED. RESULTS STORED IN COMMON/RANGE/ 

5 C FOR USE IN FPATCH, ALLOWS SAME SCALING FOR A SERIES OF 
C PLOTS, 
C

DIMENSION XYZ(HPOLY,3,i),l)OF(HDtlF l i) > INUM(HPOLY,3) 
LEVEL 2,XYZ,DOF,INUH 

10 COMMON/RANGE/RANGE,ZINC,X(2),Y(2),Z(2)

C
X(i)=Yii)=Z(i)=-i.E36
X(2)=Y(2)=Z<2)= 1.E36 

15 C
DO ill I=i,NPOLY
NLUCHL^1NUM(I,3>
DO ? J=i,NLOCAL
IF(XYZfI,i,J),GT,X(i))X(i)=XYZ(I,i,J) 

20 IF(XYZ(I,i,J),LT,X(2))X(2)=XYZ(I,i,J)
IF(XYZ(I,2,J).GT,Y(i))Ya)=XYZ(I,2,J)
IF(XYZ(I > 2 f J),LT.Y(2))Y{2)=XYZ(I,2,J)

9 CONTINUE
10 CONTINUE

25 C SET UP RANGE FOR LARGEST VARIATION IN DOF 
C

DO IS I=i,NDOF 
IA=Hi
DO 14 J=i,NTIME

30 IF(DOF(IA,J).GT,Z(i))Z(i)=DOF<IA,J) 
IF(DOF(IA,J).LT.Z(2))Z(2)=DOF(IA,J)

14 CONTINUE
15 CONTINUE 

C
35 C ROUND OFF Z TO NEAREST UNIT 

C
IF(Zii),GT,0.)Z(i)=ZINC*(AINT(Z(l)/ZINC)fi.) 
IF(Z(i).LT.O.)Z(i)=ZINCIAINT(Z(i)/ZINC) 
IF(Z(2),GT,0,)Z(2)=ZIK!C*AINT(Z<2)/ZINC) 

40 IF(Z(2),LT,0,)Z<2)=ZINC*(AINT(Z(2)/Z!NC)-i.) 
C

RETURN 
END

SYMBOLIC REFERENCE MAP (R=i)

ENTRY POINTS 
3 RANGXYZ
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SYMBOLIC REFERENCE HAP (R=l)

INTRY POINIS
3 IORDEL3

VARIABLES SN
102 AGAIN
104 I
105 IXi
107 JJ

0 LYDIH
8 NY

STATEMENT LABRS
12 i
0 5
8 15

67 18
76 21

LOOPS LABEL
31 6
40 10
47 IS
60 18 t
65 17

STATISTICS
PROGRAM LENGTH

70000B

TYPE RELOCATION
LOGICAL
INTEGER
INTEGER
INTEGER
INTEGER P.P.
INTEGER F.P.

16
INACTIVE 0

52
73
0

INDEX FROM-TO LENGTH
J 22 23 3B
J 24 25 2B
J 26 27 3B
J 32 37 10B
JJ 35 36 2B

116B 78
SCM USED

0 AUX REAL
0 IX INTEGER

186 J INTEGER
103 LAST INTEGER

0 NUM INTEGER
0 Y REAL

2
6
16
19
108 INACTIVE

PROPERTIES
INSTACK
INSTACK
INSTACK

NOT INNER
INSTACK

ARRAY F,P,
ARRAY F,P

F,P
ARRAY F,P

9 4
0 10

0 17
74 20
70 110

3o

INACTIVE
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VARIABLES 5N
fl DOF

123 IA
122 J
121 NLOCAL

0 NTIML
2 X
4 Y
1 ZINC

INLINE FUNCTIONS
AINT

STATEMENT LABLLS
0 9
0 IS

LOOPS LABEL
20 10 *
25 9
55 15 *
57 14

COMMON BLOCKS
RANGE

TYPE
REAL
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL

TYPE
REAL

INDEX
I
J
I
J

LENGTH
8

RELOCATION
ARRAY

ARRAY
ARRAY

ARCS

F,P.

F,P.
RANGE
RANGE
RANGE

1 INTRIN

FROM-TO
16 24
IS 23
27 33
29 32

LENGTH
24B
16B
13B
10B

120
0
0
0
0
0
6

I
1NUM
NDOF
NPOLY
RANGE
XYZ
7

INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL

ARRAY

ARRAY
ARRAY

F,P,
F.P.
F.P,

RANGE
F,P.

RANGE

10

PROPERTIES

OPT

INSTACK

NOT INKER

HOT INNER

STATISTICS 
PROGRAM LENGTH 
3CM LABELED COMMON LENGTH 

7000QB SCM USED

124B 
iOB

0 14



MOUTINE ZPLT3D 76/76 OPT =2 FTN 4,7+405/198 27 AUG 79 20.37.09 PAGE

i SUBROUTINE ZPLT3D(DOF,NDIM,NDOF)
C PLOTS POLYGONS STORED IN XYZ USING FPATCH
C
C XYZ(NUM,NDIM,NOD) 

5 C ARRAY OF ELEHENT NODE COORDINATES USED IN PLOT
C
C INUM(NUM.i) ARRAY OF ELEhLNT NUMBERS OF NUM ELEMENTS TO BE PLOTTED
C INUM<NUM,2) NUMBER OF NODES IN CORRESPONDING ELEMENT
C INUM(NUMJ) NUMBER OF NODES TO BE PLOTTED IN ELEMENT, LAST CONNECTS 

10 C TO FIRST NODE
C DOF(IA) DISPLACEMENTS FOR DOF NUMBER JDOF WHERE
C IA=IADR(JDOF>
C
C COMMON ~             ' 

15 C
C lADR(JDOF) POINTER INDICATING LOCATION OF DISPLACEMENT FOR
C JDOF IN ARRAY DOF
C IFACL'INOD, NODES) LOCAL NODE NUMBER NOD USED IN PLOT FOR ELEMENT
C WITH TOTAL NODES (OR FACES). ASSUMES SAME LOCAL NODES 

20 C NEED FOR A SPECIFIC TYPE ELEMENT.
C TRANS NPIC INDICATES NUMBER Of DIFFERENT PICTURES OF SAME
C SURFACE.
C TRANS(iO,NPIC) HOLDS COORDINATE TRANSFORMS USED FOR
C EACH PICTURE, 

25

C
DIMENSION DOF(i) 

C
30 LOGICAL ELEM.OUT 

C
LEVEL >, XYZ,IELM,DOIMAI>R,INTGRK 

C
COMMON/ID/KR,KW,l(P,KTi,!(T2:,KT3,OUT 

35 COMMON/DPOINT/IADRd) 
CQMMON/FACE/lFACE(4,i> 
CQMMON/TRANS/NPICJRANSdO,!) 
COMMON/AXIS /lAXISijlAX^IAXISSj 

1 D1MEAN,D2MEAN,D3MEAN 
40 C

COMMON/NUM/IELM(2) 
COMHON/XYZ/XYZ(2) 

C 
C 

45 CQMMON/IFORMP/IARG,Ci,C2,C3
COMMON/PLOT3D/MAXRES,KDISP,INT,ELEM,NUM 
CDMMON/K /INTGRK(2) 
COMMON/BEGIN/ICON,IKOUNT,ILNZ,IMASTR,IQ,IK 

C
rn n____ _ _ _ _3U U        '        ~  '

C
C STATEMENT FUNCTION INUM TO REPLACE ARGUMENTS 

INUM(L,D=1ELM(L+NUM$(I-1»
r______________._____._____________,._

55 IF(ELEM)GOTO 1200
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IHASTRi=IHASTR-i 
C
C PLACE DISPLACEMENTS FOR IAXIS3 INTO XYZ ARRAY 
C 

60 DO 1108 L=i,NUM
NOD=lNUHa,3>
NODLS=1NUM(L,2)

IADDR=INTGRK(IMASTRi+LNUH)-i 
65 C

DO 10SO J=i,NOD 
INOD=1FHCE(J,NODES)
JDOF=INTGRKnADDR+NDIN*UNOD~i)+IAXI53} 
IA=IADR(JDOF)

70 C CALCULATE INDEX Of XYZ FOR 1=3 
XYZ(Ltt*NUM*J-NUM)^DOF(IA) 

1050 CONTINUE
IF(,NOT.OUT)GOTO 1100
WRITEiKW > iO)((XYZ(LfNUMI(I-i)+3*NUH*(M)),M,NDIM) f J=i > NOD) 

75 10 FORMAT(IX,IP12E10.2) 
C
1100 CONTINUE 

C
1200 CONTINUE 

80 C
C SET UP POLYGONS WITH FPATCH 
C

CALL fl'ATCH 
C 

85 C IF INTERACTIVE, IARG=0, RETURN AFTER FPATCH,
IF(IARG.E8,0)GOTO 5000 

C
C MOMIE LOOP WITH TRANSFORMATIONS
C VIEWER IS INITIALLY LOOKING DOWN Z AXIS AND LOCATED AT ORIGIN 

90 C DATA IS ALSO PLOTTED WITH CENTROID AT OR1UN 
C TRANSFORMATIONS HOVE DATA AROUND ITS CENTER 
C 
C

DO 2100 J=i,NPIC 
95 C INITIALIZE 1RANSFORMATION MATRIX

CALL CINIT 
C 
C ROTATE FIRST AROUND Z AXIS BY Ci DEGREES

Ci=TRANS(3,J) 
100 CALL CZROT

C ROTATE AROUND X AXIS BY Ci DEGREES 
Ci=TRANS(iJ) 
CALL CXROT

C ROTATE AROUND Y AXIS BY Ci DEGREES 
105 Ci=TRANS(2,J>

CALL CYROT
C TRANSLATE BY Ci,C2>C3 UNITS 

Ci=TRANS(4,J) 
C2=--TRANS(5,J) 

iiO C3=TRANS(6,J)
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11$

120

i2S

CALL CTRAN 
C SCALE BY Ci,C2,C3 UNITS

Ci=TRANS(7,J)
C2=TkANS(8,J)
C3=TRANS(9,J)
CALL CSCAL 

C 
C DISPLAY ON UNIT KDISP WITH HELD OF MIE« Ci DEGREES

Ci=TRANS(iO,J>
lARG-^KDISP
CALL CDISP 

C
C END OF MOVIE LOOP 
2108 CONTINUE 
C 
5000 RETURN

END

SYMBOLIC REFERENCE HAP (R=i)

ENTRY 
3

POINTS 
ZPLT3D

VARIABLES SN TYPE
i
2
3
0
7
3

202
0
8
T

0
5
2

171
0

4
201

 5

3
5

172
0
0

174
4
1

Ci
C2
C3
DOF
D2MEAN
ELEH
IA
IADR
IAXIS1
IAX1S3
IELH
IK
ILNZ
IHASTRi
INI
IQ
JDOF
KP
KT1
KT3
I.
MAXRES
NDOF
NODES
NUN
TRANS

REAL
REAL
REAL
REAL
REAL
LOGICAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL

RELOCATION
IFORMP
IFORHP
IFORMP

ARRAY F,P,
AXIS
PLOT3D

ARRAY DPOINT
AXIS
AXIS

ARRAY NUM
BEGIN
BEGIN

PLOT3D
BEGIN

10
10
10

PLOT3D
tUNUSED F.P,

PLOT3D
ARRAY TRANS

3
4
5
6

10
203
176

0
1
0
0
1
3

200
0

177
1
0
4
i

175
0

173
0
6
0

CiUNiT
C2UNIT
C3UNIT
D1MEAN
D3HCAN
I
JADDR
IARG
IAXIS2
ICON
IFACE
IKOUNT
IHAS1R
INOP
INTGRK
J
KDISP
KR
KT2
KU
LNUK
NDIM
NOD
NPIC
OUT
XYZ

REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
LOGICAL
REAL

AXIS
AXIS
AXIS
AXIS
AXIS

IFORHP
AXIS
BEGIN

ARRAY FACE
BEGIN
BEGIN

ARRAY K

PLOT3D
10
10
10

F,P-

TRANS
10

ARRAY XYZ
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EXTERNALS TYPE 
CDISP 
CSLAL 
CXROT 
CZROT

INLINE FUNCTIONS TYPE 
INUM INTEGER

ARCS 
0 
0 
fl

ARCS

CINIT 
CTRAN 
CYROT 
FPATCH

SF

STATEHENT LABELS
164
76

LOOPS
20
34
47
52
183

COMMON

18
1200

LABEL
1108
1(158

2100

BLOCKS
10
DP01NT
FACE
TRANS
AXIS
NUH
XYZ
IFORHP
PLOT3D
K
BEGIN

FHT

INDEX
1 L

J
1 J
t I
* J

F

LENGTH
7
1 LCH
4

11
9
2 LCH
2 LCH
4
5
2 LCH
6

0 1050
0 2100

67 1108
146 5000

FROM-TO 
68 77 
66 72 
74 74 
74 74 
94 124

LENGTH 
S6B 
5B 
17B 
IBS 
43B

PROPERTIES
EXT REFS NOT INNER

IN3TACK
EX1 REFS 
EXT REFS 
EXT REFS

NOT INNER

STATISTICS
PROGRAM LENGTH 207B i3rj 
SCH LABELED COMMON LENCTH 56B 46 
LCH LABELED COMMON LENGTH 7B 7 

70008B SCM USED


